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3jtjj L^J gjAj <^111 Abb^t ^j^fctl VbSbu/lj Aubtltj Abtbilt ljIj^JuUI A-iSl^t (4-ibtHlt jllaj 
3LL«Vl L-klS jl 3£ AbjJlj l^lajjj 4-ca/ljJilt jL^mt LjbjH?fc4 (Jjjlul+j ^jjJUIltj A_u jUll 

£4 Spoilt j J^Lsblb jfcLAj^2e5X\ Ljbtab^t 3 JLjLJ <j 4 A-btj RebuiltJ A^UjJll j-AjJ /jjH£jJi 
^LpuSslt 3^U ^» b Jt AjuvIj 4J ftwjdl 3^LcV J^jLull ljOSIII ^^oSJa 4SjLlL+jj SjijjSU ^Lt^SJi 

I ^jQlt 4 dr^itt 

:^lj LJ^t ^Ull ^UjiiN LjbLbVlj LJ^bJjiult ^Ijp^b AJilSHt AJbtUl Lbli JlAlj 

A£Lu^ 3.iblj 4 i-Jllall ^Ull £.IJp*Vl ^btba/lj jj^dl jtjiblt <j4 o> 

* A ^laJUj At fat f<* 14 A-plab A 4JjlaJ pbSClt ^jbjtJ 

.AbjlaJI A^pbdl Gbt^Vl iLcSljl LjLLulaZtftj (tu^Lai j'**' Aib^J (T) 

. A-pLball t^jt tf j A -i u -Jt t^jt j^pbij A-p^lt SLpJb A^tjdlt Ljl^jbj4 bjj (T) 

. Ajjibill t-btja^t Aj^Aj bLc^b^lt ^)An 1AjrAbjit LjbJbtXb ,*Lbb>yi (t) 

♦ Ajt 4^ Ljtji^a ljLloIISV hl qjta l^JjbeJ ^Ij^jI c-JLbA) jbb ^Ult LjLcj-^jit JL^^I (0) 

.A-pbJt (4-t^lAXt A 4 JLaJ A-Cfc-Ltb^Ult JtSLSfVl ^jAiir l JLcI (1) 

i_JUall I jJu}a AI 4 JLA4 ^ L J JtfAj LjbSClt Jj-tali <j4 <J5 A-u/lj^ <j4 3 jjv jJtl tJLkVl JUJL a eJ (V) 

. AdA-v U i^Jla L jLc, flX*l tj 

♦ ^cbillll AALostt LjbjILatt o“b£ ftjjAltt g $Jb (A) 

£4 UcUj <jmSJuj IgJLu bb laJtjAjj J^lSbj lj!jj! AjljjI j A-Jbjl Ajjj^a ^yS pGSHlj 

. 3JLp4 A - b-O j A-pLba ljIAj tbl J^ubj AolbJt SLAUit 4 ^ ^LpuSClt l-cIS Ljb^Ibfc4 

i^IbuAj ^^Ull A-C4jAlt j-ubttt J4 ^yUL^bj jtS^bVtj J -cb t lU tJ ft^Alt LJtjJL3 A -L 4 -u b bfcbtj UUb^t 4 rA*Hj 

* 4t-L4-jS^lt £L4l4 JjijjJl 

iJju^XI A^jjiXI dLb ^ylc, IaJtj>J LjbS^lt AjjJj pj Jl£j 

www.ekb.eg 

^4 JUjit |4^Altj A^jJlil ^L4 JlI 1 U b-laJ 4 Ljb>tt 3bu4 U b-L4 

. iZ&bjJl 

43 A 5 &J Jjij ^Lj^-jSClt Jbt4 ^ A^jbUj i^btil tJUA 4 IjJLl^a 3JUJL>j! A3 jj^ 4 ^ L-ibSslI t JL^ Jj^Sb ji ^L^xJ 

^bc-Jt | 4^1 ^jAlt Lb^Lbl jr\Jt4 Jj^Sb Jjlj 3j^j-tt Ajblt 


j^jIaI JI AJpJ 





Lfaalf 



JjVl oLJl 

0 . ajhJJi ^ L u J 

ljU) 

Y*V .j-^Lufcll ‘ *<^Jk * i^3j Jill 

£i£it oLdl 
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t(j\ c, (jjSij o' SjjJt ujLJ i-JUalt 2 LjI*j <^2a 

. 3 j Jill 4-JLJ jjtVttJ jjuu - 

* ^1^315^11 ^bLuit ubjj u u - 

+ J ^ j lilt L->LLa/l AJl^j - 

• SjjJl ± a -£ j 3 iUu JL>JI iUj23JJt l^TcLv^l lj^Aj JLxUJ'l jo^u - 

* JLcijjjVl *Lu^ AjLfcfaoll j>^.tf.4 ^j.ukj - 

. SjjJl ^ ^Jbbj - 

IJLL4J JLajA 5 JL^tSJ ^gJLcl ^LLJl t JLu* ^4 <J£i ULda SjIUl lyuSjJJt g^jJ ~ 

jLJ ^UjLut/Vt 


«^Lc4-(S^t ^Jlo3 ^jJLij - 















3jltftSLdj: JjVI 



(Jj'V ) IJL& ^Lc, 4 3^Ul *LukLa ^JiaJi JJLa JjLlojVI ^J^LluJ - 

4JL& AjJ^cjj t ^Ij^l ^1 2U.aU 2UE«\^ 2UI 2Ujj£ 2 UjI£UI c^jxaiL^) 

-fU^jVl jl^J^t J^V*l>vl ^1 Jj^ll jJL^(^U^I^IJ^V) 

*(*atom) Sj jJt |^u/i l^lo^ l^JU <J5 

:<jl SjS^ <^IjlJj SjIlJl 3j5^ .a^Ltl 4^-tS £j|jil <3j2ill ^ (Aristotle) j)t^mjj - 

*(jLJlj uiljjllj j *HI) 2tju/l ljIjjSU <j-a uilLu CulLo^I U44 ^tjil JS) 

c-u^jJLS 4-ux-cij I ^l^JLfl j( JU JUjt <J^2L^-p*jil ^1 ^£t Jj^?cj ^jSLoJ 4JI g,LgJbJl jQ2ctj 

♦ 2bUjVl ljIjjSU) c-cluJ juuJljlJ 

* j*Lc ultfl j^j-lSV ^L^jSCJl |^lc j^^Se^3 Jlui <^ 2& 2U3taltt j-4^ S^SLall *> JLk CuuumJ JL3j 

>—hjjju Jji 1661 (Boyle) <Jj^j ^ jJJj^VI ^JbJi - 

:4jI 4 ^ 1 ^ 

*2U&jjjfc£l 2 UjLl 4 _ 4 £JI t^JU I^luJI j-fc La ^11 Ig A -L b cJ £S*oJ V 1 2Luij 3^U 

cjbtJVlj ljjL^-UI j^a J Lj J LflJt ^J^d^Vl ^JbJl ^£^^1 j^Qlt <JjI jl 

♦ djJi^l LuSjJ AjjIaJ Jjl 

gallon J>U»4 3^ 

*<jt 1^4^ (j&jJjdi ^Ji 2ujjJt 4JjjIa j 1803 j*t^ (Dalton) 

♦ Ljljlil! ^»uJ IJL^ 3juJua ^j-a j^lutl -> 

(j^t n^Wi) 2UJ^HU2LbLja j- 4^ jJLall 2u^LuU ^ 41^4 Ljlji ^4 <J£ -Y 

.jJ-TJ^lsj>^4^ ^>a lgJ45ir ^9 4^0^11 ^h^jL^U >T< j^istfl i^tji-Y 

♦ > *U^ JL^ lyLLUaJ A l LLai fc t t ja^Latll Ljlji .aUtjl ^3-4 ljLlSj^I qjSLlA -1 

^tn.jL^.tI AjL44fl U&Luu£\ 

u£$jia3\ CiM ljIIJ lill ^lojv) »LjtjUtll J ^Li- ^j j^£J\ *_>jL?ci Qjj^l 1897 ^Lc ik ^ 

jUl) J4 2L4^l^i 4l4£lit 4UI VI. (^bj^sai 2Lljl^ Sjl>^l lai^Jl J 4 ^U^LsJl 

.l-uuLL a JL^> t^l f bj^il ^L^j4 g-uaJ JUilt ^Aliifcla 1^4^ jUl) g-uaJ i^LpfcJ 


(^jrtjj^Vl ^Jdll ^) (^mlu ^Julj tom 4 V ^JLslj a 



ibLkU 4SjJI 4Sj^» 


^LJI -^LcCo^JI 

























(O')J^) 


^11 £ru a^l 3>^ 

la^^b CJ^3 10.000 <^l 

L-CLLUJ . Kl g t t ^4 32buuVt ^3-4 

* jjjJuJl iU^ui j! lrAj4j 

4jLwL) AjLw Vt jlx& CxJkAJM^ 

ojSu3 l^ji jlsu U-£ ^>c jlSj Cathode rays 

♦ ljIjj jliSJVI |A-u/I 1^-j.Lc ^Udl i Jplja.1 ^ 

♦ 4jumI 4^1*Al 


^4 4rt Ua4 > 


^Lbfc-aJt 2 LJLu Sj^JLua Jplj3.a ^4 (jjSu3 - \ 


Nijt^Luttl ^JLjeXlj ^Jbttl ^4 ^JSL) jbLu -i 

^ JJ*jG I^jI C c - i T u U-* jlill £j3 jl Xaji^Xl S^U ^^CLib l^Iuiula jl l^Sjlu/ ^ 4 tfHVi V -0 

* ^1jXt ^L4 JV Lj^uSjG 


(Thomson) 3 ji 


1 ^ 3 ! 4 ^ 2 jLu 1 i i-jjbbiiit ^ 4 1897 AJLui (Thomson) ^ 3 ^ 0 x 4 ^^ gL-cLuat 



£rbj^5t}t ^3“4 &JM^\sfJU* djS £^}Ll£r £^)klll 

LjbjjjSttVl ^3-4 j^l^lJU JJ)ot^4 ^LuVjXl 

* Luj^S ^tl^LalU SjJLlI JjoJ ^iSb 2LJLaJl 


(Rutherford) .a^ji j 5ja g>>«j 


«Qj £jUujjU j & ju >> 1911 2LLm ^^3 

(Rutherford) jij £i 

(?iTb ^jrUktl j*l t'V < niL) d^ j^iT»tl 4_i l .»jttl 

(Y->) 





























lj! 

jru^jLifc}! JLuLjjuS ^4 i <jlajXl ^jJjlU £j!JIj ft« Jjl lift Cil+.LuujfJ Jjjl&j Jj - > 

<3-* (jSL*j$ cL r L&t\S) ftJLc (Loll ljL^-lo^ j** ita^al ^ISU JLul Laj^j w ^*j) 

♦ 4j1c J^IaJ^Ul ljL&4jXI3JLm^ 3-4£jUlj%4i tUl CjL+juu^ Jjjt4J JjlSU JUJLSCJ 

L3JI £jI*jluuJ£* jLulA (J&jju LJ 4p&J ^j-4 tdLv ^Sj\) Jj -Y 

:2lJG1I ljLvQJIILu/VIj A3\Jl&LlLa £a ijj&jij ^ »Ub 1^41 JLLa^»l 


ft’Luul^ujYl 


: ^LUr 


L*£ *2kjL+4AA 3j£ OlluulSj SjjJl ft Pin 4 - > 


(J& L&j3t Ulll CjLajUju^ ftt^lH4 - > 

JoS 4 LlS LJJjVl jlSUl 

♦ k-lA Jilt f<g> 


(JJllujj 3 j-u£ 4u&\j& SjJLUj JL^jj -Y 
♦ SjilJl SljJ 4-jic j_dLatJ*p» 

^5 l Aj^Jlu (jjSij q] JuV -Y 

i^ILIS ftt^in4 4_c3 jijii 3jjJl 

tI\J Uilt ljL+juu^* Aj^JLS A^jIA4 

*4jL4 LJjJ&Qj 


JLdJu ftJ Loll £j[*jlujj* (ja I JL>* 2lLdja 2LuoJ - Y 

^u 5 x uJbjtj i t a , \ t< 4 > 

ljL^l 4J ^jAlH Cj j4 &J L^jLo4 

^3^X1 LjL3l 4J jAtl LJj^ii -Y 

-Jj^ 




icLkJJ dSjJI 4S^i 


Jtill *.,5>o,l! -cLo-5UI 
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i^JJl ^4 (jSL£* ^ U-U Jl &jjlH Sj±' ojLjSj A^jLloTI AjjaHII ^4 

l-iSjUj <^2& *Lu.a^aJl ^2i 4 Ll£j L- 4 - 4 SjJJI St \ tfH4 

♦ (loSI^S^I <JfU) LjljJjUSUVl jjJU (^U 4 ^|| <J^U) *Uj£Jy4 SI 4 J -4 

*SI>tfl-Y 

SjZlil £1 tf i) ljISjjJS^JVI ljIjIJU jruj SIjJJl jru 2 Ulu/L^ 5lSL a* JL^jjj Sjlill ^4 I j^S jJL^I 

♦ S jjJl ^JQS ftt^*4j SLl^^XI A Wrtitl SIj-Ul ^ JSjJjj ( *CUj^a Cllu jt 

-r 

♦ SljJJl 2 QHSL) £ujjj& UI Si IJL^ 2 LLu^ I^IUS -I 

Jjl ^i) I^jIjj Ajl^jXI ^jLluJ Sjlxll Ljljj^SSiyVl A-dLofcJl 4Jbfc£H -i_i 

«(Luj^S 2U4LaIL4 SjJJl 

jruj l^JLu 2tt^Lcm ljJL^JI ^jja (^j ljIjIJU Sj^uS ^.cjouJ SIjJtfl J 3 ^* jjJU 

dbSVl * 4 -l^J S^L^l4j jIjlHI ^ l^^UjLo* c^j^l £4 ljJLj^I ^33 <jl VLSI jJiil 

*c£>5>tl 4 jlall 

♦ Si 3 JJI Ljljjj^Sttyi 4 -lS jjJj ^ jJl ^UaJJl £L-lS 3 J <jl VI 

Atomic Emission Spectra £1 jjlII oLslxjVi 

3 I lAjuu^a SjIj^ ^jLvjJlI AjjISs^aII jl AjJIaII ^ m * 4 r cjIjS typtjLu J 1 \ t r 

c Sjt^v *L*lc J^Lbl i^Lstiil I 4 I 4 C u uJ u ^j^SCJl jjjJlUI ljj-uI ^ ^kSSbla lgrAijJtJ 

Jl^j ju^ 4 SjMt ijl^ Jine spectrum (^I^l ^ Sjt^ti) ^^SJi ^LuuVl 

^4-LaJ I Jll ^ 4 ^4 Jt4 Ljl^Lut4 l^JLU ^Jjl* ^U4 ^4 ^JIbfa4 J^JLd ^JL^ 20-4^ 

♦ O^^l 1 Sjtatij 

«Sj^LLSJl jl^ jjjmjo 3 £y* I jj S L * j li Q^jll ^£ 11 S ^bJ-uJl ^1 ^SjJLj j-jJLv U-4J 

JLvjj ^/LS 4i SJ^t 4 -4J 2Lu^Laii jjajlG ^V Vt< 4 Sjt^itl Jji iUj^Ub JLvj JL3j 

« 4 tfjt^tl qjjj& ^ ^ 
















3jltftSLdj: JjVI 



(t- >) >t' <Ja* sT» t-ltiaJt 


• <1 »<>hr 3 J j 

Aj j>lj3 U j&j l_ul£ jJJt JJtl ^ jJl £11311 j j-lluJij j (SjZjJ1 4 3jbtt 2 Lu/Ij^ j- u ju 

* 1922 ^JLu <Jjjj 3JjL^ *Lj1^ 1913 2UL* (Nelis Bohr jjj JJLu) jUjUJI ^Ull 

(j^) 

Sjlilt i-ySjJ ^ ^ jj£ j3 j) ^>3 j>a <>a*j (jjj) fdislwt 
♦ ^JbfcAlt *Lu >>ja ^ JLvjj - > 

♦ SljJill iLuj*jil LjLbfcAlt ^JLc ^jLuj ^LJLaJ) ljLj j jUSUVl -Y 

31jJJt JLv 3 jjB ^4 AjJSj^ S^jtb 3 jj 3 Lullj 31 jJJl ^Lot -Y 

: ^j-3Jj*3it ^it ci&USt |0 

*2L£tbll £ajJl& fj] i-LauSS jt i iStfl ^ji £j.a SljJiil J^Lju j-ui ljIjjj^SUVI dJj^fclb -t 

j^ p jfcjj 3^Jbm 2LatbJl ljLj opuutA £yA ^JLc ^ 31 jJJl Jj^»> LjQjjUSllVt jjJLj -0 

.LjljjjUSIiyi JjtjjJLf UUj 2u^> 5fc4 %3b\4 LjbjILaXl allfc <jru jit 

4 StjJJl 4Jjalb jIllu. 4 Jjju wJaj3 jUj ^JLul 4 ^GaLb StjJUl <J^Lol -*l 

* djbja 4 ^tj biS ^jJjmXI 4jalb dutjjjj 



ibLkU 4 SjaJI 4Sj^» 





















+ jjHt (^Stll UlC, ^JbfcJ ^ J-LUUA (J5 4jlHa J J JUj 

ucaJSl lil JS^j <3^lull 2llbjl ^ 21^0X1 2£Hall JSl ^ JjjOSaVl ^2-u -V 

jl J^je-LuIUt J^jjla (|^S jl |^IjI 3 S ^ 4 -uaj) ^l^Hall J)-4 LL jl4 IjJLS ^JjJSJ^I 
lJiSjUj ^1 4j3Ha ^jILluA ^Hl (U2jpa) Jjj^SHVl JdVtjj SjHU 3 j 111 I <^Jj^£ll 

<jl CljlLj V ^3*4<a4 £^>J ^jILloXI (jJjJStlVl +ljlwj&X) j^SUl jlJLia 

43jl3l ^Q3I &jjmj& I JL 3 <jl£ ^JLtl 2 ljaHall j*4 ^£ll juJu . \33jj i^jLaVl al jTluja <^ll ^jju 
*|J^C 4»4 Uta^v 13 jt*v JlIUj J^-4-4 ^ 4 >JJ (&>*£* J^la 4H ^j^all ^j - 4 <Lu-fc cr^ 



(0 - > ) *Xj jl4 Ha*biJ jl £y* JL^ll ^JjHl ^tai^l L^ulall q^SulA 


j-u£J\ 4^t3 £lluJ iglxll £l& jSl (jjuAJ iXjaHall ^^taLiie^ ljL^S j^IUj ljIjIxII ^a jjuS -A 

ljLj^Illo. 4 <J JU *1 j3jt^ Ha j>Ia>> gJJo lLHIxI *fc pjuJj *2\jaHall ^4 I ljL*£ ljIjIxII ^4 
* jrta*Jj JL^ll 3jlxl i-JLHall iajiaa* lH13j vL^JU ljLjJ (J3*iYl ^Ull Hall 


: jLcl^Vl ^ Jla*Jj Jl uaj ^ll LjHaa*NXt ^4j 

iJjjluja (jA JJalU j UjlI^ ^LSHaJHl jl 2 LlluI&XI *LaHall jl JLo4 ^ :(^IuljSCll) j^SUl -> 

•jJ*T 4^Ha ^jllua tf] ^ll 4j2lia 

3>31l <jl hJjjuma 4 JS *LaHa jlJL^4j 4 ^ Hal I ljLj^Tllo .4 jHajat ciaLajV jjj ljIjLul% Q^^jI -Y 
^jMII 4j3Hall ^j-4 ^SHUi Lilli j tSIjJcll ^ 3 ^ HJLaJ UbLS LjLalU IgJLu 2 \jaHalt 

• LjJ Lo 4 UL 4 ^UmiS JLaL^V 4^ Hal I Ljjjj^LU 4 L 4 Jf\J {j^jHlStlVl J^Il 














3jltftSLdj: JjVI ljLJI 



Ljbj,Lmu4 4i&Uu4 4-ji I JUt j^u-aJ V -Y 

LjbjUmt* JSU! S^Jbb4 ljIJ^uS JJrnj UjI 2GaLUlt 

,2Laliall 

JLuU JLd» ^ll (jjj) Ajll&j Jill jri^all &?S^ JL3J 

t^Jb Ubi 

* I j-luujU ^ jJU^lt k tf jU j-cabu -I 

4j3lld J Lj JL d b j^SUl ZjSLs (jj j) iLfjldJ £dJ»ll -ui 

.5 J-4 JjV *L3H?fcil *L9lldJl ljUjTluju* ^ LjbjjbSfVl 

j(j^j) J >4^11 JJ) m ^ 


^Lc^Slfl Ljbbudfe}) 4 j) VI ^jbll ^3 3 - 4 JUJ jj^aJ jl (jjj) L^lIlJ ^ll ^^jt^intl 

t^^b U (j^j) ljj^ |^l ^4j j^bS *2u s jj±jm gbQj y JpSl ^1 AjlIjIajJ 

^jjjbStll laxuj| (jji^j^dLj^ll 3j3 Ll/bl luauj ^3 IS ( j^j) AjuJ*j Jilt ^3ij^Jtll -) 

^1 l-Lj^ j*abb ^ Jja3 4bSUj JL^ll t rtjU Idjfrta/v ^btJL) JLiS 

♦ labia jrUj jJiSf I <£^IbeJ ^^311 j*j-jb^ll 3j3 

Lajl 41 £1 jLO^Vl JLd^b j i-JLy |Ulu> ^jjJSUVI <jl -Y 


^dl^Ib * bedjll (Jjuj2J 4^^ J5b bJjbSlVl &£. j-lu$ jlSU ^4 <JS ^jjj-uu JSUj 4^1 ^ya jj&\ -Y 

♦ bl 4 C (JjpejuuJ I JLfc ^31 


*^ opuutA iSjZiS* ^IldJ ^ 2 s c£lj^Ib ft-CLod* ^ SjLlc jUSIV I ^31 ( j^j) 2 bjIdJ ljV^ bta JjJLo -1 

2Lt£ljbll Ljl^bSVl L^l Sjlxll Jl dlli JL*j Ceb jlSj ^,^Kuk4 j^jjJLj^II 3j3 Jl ^^Jtsu llx^j 


<jJajJu 3 j-cbtl 4, 1 453 ^ll ^UJjJb I JLd^ b-4 (j^j) 4^jjldJ jj m ^ kHlj^V 4^IS bLcu/l ^ JL^ CulS 

. 4JLbj^Jl US ^jlill i-iaS jbll 4^jjt4 ^ljI 



'i^a>SL<JI ^ 

cLL^oj jbl |j-A ^3 cib^0 
! Jul2bl JsjI jJI d^>- ^ j^sbl A3 jjcoJl cib> 

_ _y 


j - i' - -i 


^liil L,Q,^QJ1 -^LcO^SJI 




















3Uj JUat* Aj^jJ* 


jIxa pj>i jlS j (jj, j) j^j (J& *Zuuu*\jm\ lj Mj jl*j 3 j lit I l-ioS jJ ^ Ajj jl^JI Aj jlAIt I Cc4l2 

:^^Aj U lj^Aj JjUtt 

(jt jjj Jj) -J JiSUll ^Jlc, IJLl4 -u * jjjJiSt^At A^j^Jtl Anjjit^t) -I 

*3jAit AoSLutsuti Aj^iajji 

: Dual Nature jjjOSt^AtA l>> j-a>U A*mMI -I 

CuLljI JSCtj ♦ ^CL^l L-<JLai jul3u& |^iut> ^JjjUStV! jj] Aa^Lmtt l jbjlAutt lj j*a 2 cI 
.AjJJ*^ 4 At ft-LLOJV Ajl ^yJjjL^J Aj>»J jJ*4 Anj JjjjSt^At J! LJjL^Itl 

: Uncertainity Principle of Heisenberg (^j^uJjL*) aSlIti ijll 4 -lj 

^yjjsj A£J JSj Ijl 4 A Jj^jStVl JISl4 JljJl^j ^jSLqj AjI (j^j) AjjHj 

jlSU JU Jj£j JJ |^4 IJLl 4 |^SCtl ISLulSLyj JLifclLulj (^jjjJjLa) Jlj^J JlSj ♦Cj3jtl 

jJlAj J-4J5tt! J 4 Jj2j Jl L lIS U j UjIj . LlU^C JjVIraj JUU J Cl*J ^ bt4 JjjJiStVl 2l^ jj*J 

kjjJaVl ljVUjl^VI AAb i^Jbbjtl J! ^1 *i£tl3 jj jtSAl I JL& JjjJlStVl j J jjjllj j) jjjS 

♦ ulj f<^tl ^tl 

(Wave - Mechanics theory of the atom) 3 jAlt A-o^tl AjSLoISUXI Aj^lAitl --»> 
(db^Aj) jiS£l LLujIj 1926 flc, ^ (Schrodinger >j£>jj>oO ^LoLoAtl ^tUtt JSU3 

J4^j jjAIt A_l^*^ t! AjSLuISLAI Ajjtjulll ^ulujIj J 4 (^jjjJ^I^)^ (^tj^j j) j (J\jxujjI)j 

jbfcjl l^btJ JSUj^ 3jJLtl jjjJiStVl AS>*» jitVl JSL 4 J ^jtl Aj-^^Xt AJjLaXI 

JLvl Ijj JUj^I JLjJj ^^Itl 31Ijjtl Jjl»> AAlaJU JU ju£j JSUj^ t ^j-4-oJtt AsLLatl ljLj^Illl.4 

ji Jbu *31 jJltl LjbjjJS^tVl ASj^J Ll4^jl4 jjju 4 A^IIj JS LjbjjIlSltyi 

j jo ju lj(jI JLtl 4JL& jW c^ j ^X^LlXlj Ajj13 3^JL^4 ljIjIJU ^ j^-lloJ LjbjjJS^tVl Jjl l^jju US 

♦ LjUjj^SCtyi Aajjt-4 ^t^U4 

^(>3tt 4 > AAtalt! >r LjLsUlt Electron cloud 2 Luj>^Styi AjL^uJ! ^j^jl 4 ^jLiUL^l jlsj 
jbuVtj ljI^LjejVI JS J-4 JjjJS^tVl Jj J^jAJ ^3tlj iSljjtb AiajrtX♦ 

















3jltfl : J/VI 4>LJI 


4 ^J^JVI JLvtJU^L>-I JjlaLc* WLujjJ&Vl <L)lrtuJt ,J^li 

orbital Jtluj/Vi g.tta .^4 l^u JS 





<Lu j AjIaoJI 

4 1^11 ^1 JLclj Cjulqmj ^IJLcI *bUjl jll iU^bt^U ^^-iLjjll J->Jt JL3j 


K Quantum numbers ><%&H .HJLfct) - 

|«5^l ^iJL^i («_ua <ta jjl 4 JjljjjUSUVl 3JUJL& ljIj jJl ^ ^jjJSUVl WLalla JLjJbfc H t j»JJb 

:^yAj 4 jujI 

31I^Jill o^ Jbu t <?mj ^ Jill (n) ^La-iJjll i^SUl ^JLc -) 

4jrjJill Ljjjj^cux^il 1 a ml I {JlSLml 4 ^ mj ^ Jill ( / ) ^^jQll j^Stll ^ JLc -Y 

^jjjJlSJ'Vl 4 j jlvjj ^Itfl JULojjVl jj *JSLm 4 tfir^ i ^Jill: ( m ) ^^njt^LuLtl ^SUl ^jlc -Y 

• J* jj^' i£^l *m s -t 

Principal Quantum Number: (n) <^a^jli(*sai.aji^:Vji 

(n) J^jlL) 41 JLt^l! 5^)3 4 tf jt*> jijiuh) ^3 (j^j) 4 L 4 Ji3fc»uy) o' l$z l ^ u ^J^ - ! 

:^lb U JU JL a ^ ^JLaLoJj 

I iljljlill J.33I L^^JL^^ ^LojjJiS^yi *L31cVl jl JUa^jll JLdll^ll LjljjILa* 4 -lJj - > 

* AjijLm ^jLuj ground state 3jZLul' 4ll^ji ^ 


^0 I 


o^l 4 >jl>a 11 -^Lcco^JI 














|t rtUfA (^jLcuJ 2tSLb ^opuLuA L^J QjukJLA I (6 ) ljLj jjJlSUyi ^ JLc, -Y 

jl^^LsLH |^j3j ^jLuj (n) Cu> (2n 2 ) 


2(l) 2 = 2e- 
2(2) 2 = 8e- 
2(3) 2 =18e- 
2(4) 2 = 32e- 


■j (K) JjVt 

-) (L) J 

-) 2-u20j (M) £tQtl J 

-J /tilJ (N) £J|jil 


Ml4 {jutaldfe}) ^jjLuuXte j tj.it ig jIcloXI ^4 ^i^Vl ^LaLbJt ub>i^ (jjj\2S\ t JL& J-daJu Vj 

4jJtit jt Vl tJLS^A^ VY ^it ^auJ j^LaJtJ ^S{ bjlaJ ^muLj jt j5Uj 

* J^jOSltt YY ^J-U4L4 t£\ LjljJ jJlStlt 1 JL^ .Stj lit SjALfaa4 j^^ £LjU^J 


zeroiU-4i Jj^b Vj. <i<Y<Y^ i JLc, Ujb jit ftSllt ^JLc -lj 

U») ^Lj^jillt LjbjILoXl j- 4 <^Jt ^yLO-Uj *42 Lb {J^JUuA JS («^t,Llfcfaa J^LC L 4 - 4 S jl 

* ^jjbit i^SUl ^JLc ^4 -loJ ^JLc JL^b ^Ltt fo-uaJt ±Jls& 42 tb L^l (wUjILuXi 

*<^b Subsidary Quantum Number (/) ^1 *Lub 

~^JJUJL*J 42 b (J^jluuj* JS <^2 jJllt ^2btI LjbjHut4 ^JbbJ -I 


♦ 4 4 ^J 4jT J^fllt 42 tbit Ljbj^LLa4 3^ ^ j^J (^LabjJt JJUmX t “i-i 

*<^iQit JjJL^tb btbjit 2Li^jJiit Ljbjluil Ix^b -_>* 


^■La-bjJl igjUmjt It 4-LCjJiit ljLj>LuXI b^*ibj 

i^.ujjj JS U jj (A- \) JS^ Ib-imJ t2^LJb 4.3lbit ^2 1^ fAnj 

J^j-b b£ l£u2 lb L-CUX^ 

f > d > p > S 



f 

d 

p * 

Ajr >iJ k uU^umI^ 

3 

2 

1 0 

(/) p^SJl JJLc (4^ 

[(0 : (n -1)] 

































Magnetic Quantum Number (nip p&3\ 

^Uljt^LuLtl 1^11 J ULQJLJJ 

jrt3L4 iJjjUMA LjVULjJjjVl ^JLC ^<ajt^LaLtt i^SUl ^JLc -? 


(n) 

<4 

(mi 

1 

ii 

n 


0 

n 

2 

1 

I.0.+ I 


II 

n 

3 

1 

l .0.+1 

2 

- 2 w- 1 jU+ 1,+2 


0 

0 


] 

-1J0.+ I 

4 

2 

- 2 vl, 0 .+l ,+2 


3 

-3,-2,-U)^l^2,+3 


. 2 U£I> 2 th 

ftw^n JIUj -u) 

(-// .... / o / ....+/)ittyUci»>a 
t(n=4) 3j3J 2uU^bm 

c£jL>£ AJ&uL$ AJ (S) 

(p) jj^jLuuii ui iSijjiii <j3uiu 

l^jjbfca liitlu ljVCLujjI 213^3 SjLl^ 

> 4 >a lilt Zl y< x 2 U£l>itl £t*L£VI 

2l h\5SJ\ -SJUbtla P z 4 P^ P x 

JS^r l^U JGujjjI SLGjj^Vt 
31a3j ^ dumb- bells <j4>tt jlIc jrubLZU 
• (A-)) <JSL3 A-G^ jJSJ ¥I Ai&bSttf iAt lie j*JL jkJLj 


^yjg: 




^c. 3 jLlc 3^3 (f) ^ 3 -lfauXt Ut ljVLLujjI SjLlc (d) ^jTluJUj 


♦ ljVLLujj! Ajullu 


w | 


^l£JI LjibaJI -^LcCo^JI 

























Spin Quantum Number (m s ) * *UjIj 

JAjljjd *031 4J 14 g 14 <JS jjdU JfUJjJ&f £y* jJlSV JULtJjji (^1 ^LloIIj V 

♦ (^jjjL^Luit L^jt £,1331 ^j3»jVl l!U 3 ^iibj j) 

jdLuJ JL3^ 4-JLuJt AJbt-uJl jjujJu JULujjVl <jl ^4 

6JJ2LA Jj^ Jj^pSUVl JljjJJ A^3u Aj! ^ ^U2a OJL^j U < 3 ? VI i{jlj£Lua JL3 U^ji jJI 
<jjj3SJVl ^u»LJI Jl^tt *>Lj3t ^uSbu Jbfc4 AJ JjjSwu jtul* dls2l 

(Tl)>*j 2 tj 2 AJlxJ >aj ^paired ^Ijd}! AJLv ^ £jj3SJ?l jl JLSjj J jJ*Vl 

( ) ♦ " ) ) jJSlu* 


t 

N 

(>• M jCi JL^IJO-4Jij/Vl ^j^SaV ^W 



:^JJJAl f^SUl dJLc, ^jVI 

^Lj3l 2iSjj^ti Ji^Vi Jui£>uJJjl* jjS^Vl ASA^gj (rn s ) ^^al< <a£Jl 

(-1}4J(ill J J^5uj;( [) ( + lj AJ(m s )A 4 J j^Cj( A )^£LJ 

*^i ^VLyjjjV^j 3u^||1 j 

^jpuuA AJ JjVl cgjiai^ * AJ ^+juX\ (jjjLutl 1j ^gjLaJ A^jJaJf LjU^imi dJLc -> 

* £cJl * * jrUjUujL* AJ <^3l3Jl iS j^LLatlj JL^Ij 

AjtJjl At ^jQlt ^g £jumX\j& i n 2 jLcoJ ^u/LyVl ^g^■ luAI ljVLcjJjjVI dJLc -Y 

ljVULujjI 

A3^A3g 3S ^g j-lluXI JL^Ij ljVL ulIjj} AjlojlJ AJ C<JL3J! ^2 s, 2p x , 2p Y , 2p 



r*r* - r*u 

















3jltfl : J/VI i*LJI 


* 3d (£ q/jjmX,S A*ujm+Jp*j 3p ill ^g j^cLutl 

^g_ £jumX\ .jjj-4 v rtUfA ^u/LwVt ^ ^uutl l^l £luuj (jS L* i ^oll 4-jIjj jliSClVl ^JL^ -T 

:^3V1S ^3^3 ljIjjj^SIII *LuU*if ^loIu <^jQII ^gjILuxti^ 4 2 n 2 

2s 2 , 2p;, 2p 2 ,2p 2 

:^jV( JjJ&sJI ^ L*£ filial I *L3liall ^g q^juua ljIj pSitl aIJlgI {jSL*jj 






























Pauli exclasion principle ■aU.Jm/VT^jb I jlc* - \ 

fiSISl JL^I qmj3J 3 3ji 4 ^ J) a~i j V <jl I JLl 4 ^^aJb 

3iiji Jjiai JjJ^t 
^iJLci ^ 3s (JjjumX\ 

^ (m^ l f n) 

(m s )^JJLt) p&Ijjla 
Auf- bauprinciple ^di^Lallt *LLJt I jua -r 

t Iillifcj a Halt LjjjjHfau4 ^4 ^ jlc ^Jl ^Sbj <LaLb ^ [£Llua JS Lblj 

SjJll! 4 ^ 4j3liaJ1 i-cUjUll JjSb t jJ i*4&\^S\ ^ \a LsMli+l l^rAiHj ^ 

• iLaLbJ I ^b>Lux4 ucUjJi 

: AjI 4^1^ JL^balll ^LLJl t JLl 4 *tjj 

2 b^jJill ljL^LloX) (O Vji a^Lfcltl aJaUaTl ul: 2Uc>aN ob>U4» bUj o' JuV) 

(^LcVt 2LiUat ul^ 

t ^b US b JL^UaJ 2b^>oJl objIuaU t_U 

Is < 2s< 2p< 3s< 3p< 4s< 4p<5s<4d<. 

dbejV U j l> <L2lLaJl <-)bj) i m>4 f J 4 4_i2J^laJ Alaa <->4 C ^ ~ ^ (7> 

4 s kill* 

(114- i ) =4s 
(n+/) = 4+0=4 

3 d kill* 

(n +1 > 3+2=5 
3d kiU* >4S kill* 



m 

h 

111. 

t 

n 

iUU;Vl |t^> AlJ^rl 

♦* 

0 

0 

3 

jjvi oi^y 

1 

” ^ 

0 

0 

3 





























3JjVI 

^>lt #LuJi ijU4 2 L*jVi uijlii) ^uS^JVi ^jj jjj i yUjJb 

„Na. ,Ca. „Zn _, v , 

tl Na: Is'^s^p 4 ^ 1 

^Ca: ls 2 *2s-,2p 4 3s 2 *3p\4s 2 

^Zn: Is-Js^p^V^p 4 ^^ 10 

iHund's rule jLa^* Sjl^IS -t 

<jl JL*-) VI £?Jjl4 (Jjjllua ^ jrU ^Ij^jl £»Jb&J V : AjI JjjA SJL^lS ^aJuj 

• Vjl ^1 AjVLLojjI Ji£j 

^gj^Ludl q] JL*£) (7) iSj^A I JLCJ 3jl\} ^Jj jJSZS VI jJjjUJl *L)QS JLuilS 

^3^i3 ^jlbfcj (2P) jitfl (JjJjmXI £ I (^JUu USj ♦ljIjjj^SJ’I &j (2p) 

ljVLLujjVI <jru DljjtpS^Vl £j>b 4 tiGaliaJl 2 LajLuaIU ljVLLujjI 

^4 Al I ^£Ui JV ^ouulua VLLujjl JjLlLa JjjJS^Jl J£ JjI JL>^> JujA 3Jl c,LaJ LxjlS S2l3^ttl 
V) ^oSIjl 4 ^jl (j"4 4 JL^Ij JjrG^ j^lSUl 1 ^ ^ 4 jV * 4-^HaJl 

2lSJ^ri <jl »(l^lljalla S^Ljj) SjJ ill jljJaTu^l J-jiSj J^JU U^JLu ji&Qj t^JLLk £1 

•jlj^U/Vl ^4 ^^ ^ 4 JiJLfl j j SI djdll 1 11 \ 

A3^i3 £3 jSj ljIjjjJS^I 2taJjl Aj ( 2p) ^-^jbJI ^gj^Ludl Jjl : jrtJe-LoSVl Sji Ul 

4^ULa jjII jil JjjJSUVI Ul iJujA 3JlCt\£ ulu*&» ^M3j (2p) ljVLLojjI ^ 1^ Vjl l^JU 

41^-cS g I ^4 gjij-jj ^LSjLuJI I ljVLLojjVI JL^I J^ju Jjl Ul: jrjJUIo^l 

^JQll (Jjlxudl <^i[ > XJL^aJ 431 Ulj *^Lal ^j^jil JjjJSCJVl £4 j&IjuJ I <j-4 ^j\j u luj l£SLl&J 

Ut* CfUJj3&I ^V 2LSH^I 2t*^ <> VI JIJ^a V AjI VI 4(2p) <> ^Vl 2t2HaJl ji (3 s)^Aj 
^QJ l jiHl ^1 ^1 UajlWi J^Jb 4jl JLLujjVl ^joJij ^ U^j^J^a Jjl ^LalU JJ^ 

* i^Hall ^^icVl 

tJujA SJLcl^ lilo> 7 N jr^vjjJ-uJl SjjJ ^jjjJSJyti jjjjoll ^jVI JHil g-iil jjj 

7 N : ls ! , 2s ! , 2p;, 2p;, 2 P ; 



icLkJJ dSjJI 4S^i 


JUKI o2>oJI -^Lp&^J! 










J'W) 

J 1 uy 2bl>VI 

. x ju^JJtU lJujJU £ui»J ^4 Jjl - > 

(JJM*A £Id <Jj£J -JT ^J^jij-LJ 

.: S^SuiIf jJLfc ^uJ ( jLJij i-ji jJJij eijgJij civ ) Aju jl ljIjjSU ^4 S^Ul -Y 

j^ujji -i (jjZfh -jr ijjSjij - L-) j^j -) 

.a)>tl Mt£> 3 ^ (cathode rays) l^Xi 2 l*J2I q] £ul* U - y 

%4Jrt~fU4 id J-Llu3 - LJ >-pG ljG -I 

l^utd jl l^S^loi * IiGifej V Sj^JLd JpLja.a ^4 <jjSGj -jt 

jUfctl g $j j) S^U 

.|^l l^-dc Jpldf ^A idJ^tt 2 Ul£I 4jjS^u -i 

£fjlJLi) - ^ £tjltft - 2. £LiJjGSaVl - V Ldlt CjUjllu^ -1 

.AjIJI Jj^djJ JlSGlI j*JLc t JLl4 -0 

O * >?&>■*J>^ " • 

.4^i>^js<p<d<f d&j^VI -1 

A^Udlf LJLj^.LfaU4 - LJ AjUuL U/Vl A^Udil LjLjJ-LOjl4 - I 

^l^jlc ljVLLujjV) J JLc, - £ 

JL^tIjlt jid) ^jILoit 4 ^ 3^jJlU ljG iJlc. -i 

. j* Jjj^sayt 2LS2L^>i ^Jbbj ,*sai ^JL^ -V 

1^11 *Jl£, - LJ cr 4U-UjJl I^SUl ^JLC - I 

^ijjm 0 ru^t^umi i^s^i ^jlc - ^ 

. JujA jJlCtL 21 ULid 4 ^jj jGSJ'Vl l-u& jI ill J^Uj ^1 -A 

ls 2 ,2s 2 ,2p 3 - v 23 - i 

Is 2 , 2s', 2p 4 -, Is 2 ,2s 2 ,2p;, 2p;, 2p; - ^. 
























2 LJL^ SjIj^ ^ll birA CotJ ^1ji) SjJsJl J? Ljljlill jyLmJ JLlc 

bjb^LuJ-UJ 14, jb jn^4*1 ~ I 

Util 2 Ul£! J^ibj - ^ UL>* 2 Ul£I Jltv; 

.4ite 2l2lbll <> Us JjjOSiyI lit - > - 

• ^Vl SLalbll £b>L*4 2-^^l JZUj-i 
* tj^jL+i I 4j3lblt j*S £4 i-UuLLb ^gjJl ^i^Vl ^^Uall ^£JUuA I^i[ JJCLJb - L-) 

* <Jj 3( 2Lalb ^opuuuA ^1) Jui^b -jr 
~^yaUL+X\ 4j3lbJl |^S £4 l_UuLcb Jill <jSVl dibit £JUUA <^ll ^ 

.(m^) ^bUiitt (tySlh ^JLc ftuj 

• 3jJLil jjjmX\ -1 

* *LtCjilll LjbjUmXt ^JLC - LJ 
* ^^jJiIl (JjjLmII l^llSL^tj ljVULujjVi ^jl^ 

♦ ljVULjJjjVI ^ LjUjjUSUyi ^JL^ - ^ 

.^jLtuJ (3d) ^^jiilt {£±juujXS ljVLLujjI ^JLc ->Y 

7-.a 6-£ 4-ui 5-1 

^jLoj (n) ^-oa-ujJI 4j3lbh ^g jTllu .4 ljVLLujjI ^jlc ->Y 
(n-l)-.a n2 -jr 3n 2 -o 2n 2 -i 

(n) ^lo-UjJI A 4S ^JLc 4^ Lb i^^jjlma JjlloJ ji ljIjj^^SIVI ^4 ^JLc^ ^ ^ Vt - M 

.jA 

(2n) 2 -^ 2n 2 -£ ii 2 -lj 2n-t 

l^Tldlb S^bJJt L-LfaU^ 2b^jJilt 4j3lbit ob>LUx4 ^4 ^LijVl 4^ L-UjJ ~>0 

.^VIS 

3s < 4p < 3d < 4f “Lj 3s < 3p < 4d < 4s -t 
3s < 3p < 4s < 3d 3s < 3p < 3d < 4s -jr 

.JjjSb JLxljll 4j3lbll (JjTuma ljVLLujjI - M 

»4Jalblt 4 j^L loTv.4 -uj 4jblblt 4bLbb4 -I 


tr j L ! JJ ’i .. 


^l£JI bbaJI -^LccoSJI 











3jjj {£ j)~<mtt Qjpej^3\ (jruu JjUalaielt d Jl& ^JL»I ->V 

: (jjjfcui£Vt 

ll ll till v aplHitJ tJ *' 

»• (Til 


-i' 

LU 


»luLtltl 

*[flj •■» 


• apiuriin 

*iU| *2. 


: 2LJGJI ljL^LuuLjVI U l 7 uS\ -*Gl JL&Lulaj J ^4 - 

3jS Cllu^Jj SjJLfl -I 

SIjj) I JLj* t IJ^p* JJluLjj 3j-u£ dJ£l5£ SjIxSLj -l-j 

I^IUIS ft tan 4 JSj^l 5 ^ JJlj <^2& 1 aj^tt 4&Jbfa& <jjS3 q) JLjV -jr 

+ UaJl ljL+jluu^ Ajl9bJu3 

( nttioji jtjxJ? ) 

$la-c^XI AiLuii (jSL+j i aj^ juij 

Jljxajj) 

*2L jVI >! p» s V^j > 3S^>J2LjujVl uVU»I 4_JSl 

n Na - 2 . 9 F- v 5 B oiJ^' -' 

( T^.i^<jij^JT ) 

(jjUJxAjiajJJ^J £uJ*J - 
^ L yj^luuj\ 

?(n=3 ) ^jjSLa UjlIc 4J5U1J (/) ft-jS U 

: ^j-4 AU - 
2Lujj^Vt 2bbfcoJ( -( 
^JLcL^3I *LLJ! ♦ jLl 4 -jr 


^L>*^UU-cLaJl -4-i 
dujA SJLcLa 
























3jltfl : J/VI i*LJI 




aSUli j» jlc. t jll4 . 


i *LLJl t JLlX Lx-u 2LuVl ljIjIUI i-uIS) 


2 . Fe -E 

n Na - J 


30 


20 


Zn - lj 

i ♦ 

Ca 


35 Bri 

Ne-a 


10 


: ^ U U JliL - 

*4-uuLoil *Lu^L3* 3 ^^ m 1 r t -) 


.Luj^S 2U^Lsil4 3j^l -T 

^ Jt <J+& 2J£juua ljVLLujjVI JjLuhJ Jt JUk3j -t 


Lr c r jJai\ ^LatlaJl ^jjluxa j^jL^oJ UJLu ljIjj jgS^I ^ClloJ (p) jJlH ^LallaJ I ^ $juu±a J -0 

♦ LjQjjgSUl 3(d ) 

^LuLvl (J-d*u ^4 $ UaJ» ^3 n ^33 LjljjjgS^Vl JL^V ^LuV) JLcI ^4 bt 

(a) n = 3 , /= 2 , in, = -1 , m = + | 

(b) n = 4 ,/= 3 , = -2 , m = + | 

(c) n = 1, /= 1, m^ = l,m s = - | 


C !> ^ 

(n=2) 4 ^wLU-okXI (ill ) t ( /) (^l3 l-u^I 



icLkJJ dSjJI 4S^i 


^l£JI OLoJl -^IcO-cXJI 






























jj&ijjAS JlluaJ j jJt oLcll 


iijLj>V)y 


j*So ji ^ i /t i J—«UaI* ■ 3. ' .-^ " > j „£.>JJLJ» Jjj^' *«JUaIl 3L-»;.» Ajl^j ^ 

* ji ^ i>»il 

. JjJ-tfl JiA^I -k-aJ - 
J t^» t .Ti t Lull ijbl UJa 3ki>f ■ *^*j ■ -^i yj- 

. A«al>£j ^JjJL?fcJ* ^ 4 *Jja J ^ j* j-aJuJ' £>i gluuj - 
. <Uul jJ< J>L» iUijla«» 5jjJ) ^lai Ji 
. SjjjJl ^ jya-J' jjJt jluijll j* I ;^“>l UlS 3jjjl jial i 

•sf JJ*^’ Ji*^' l*~' 

. 3lc. <0 j) ^C.>AJkIt jjSJV> y*uS jo 3li bUJt jliLj - 

.auj^iau-Ji-jii^^Yt j-xi- jjiiii2tfu» - s>j» - 

^jjjjS&syi j*u jo • 

* sj Jjj-V ^ *jl jlkbUlj wJl jJLiJl ,^4 JS aJLM - 

3k >Ja«laJt j 3U-JLC.la]< 3L«uaJt j* J5 j j-J' JJLaJl jo 3kl%jl 
.iJk£l3S ji ja«^ 3jk>iii^)jih^l toluSjit jjlj 3jUf 

• yS jA ^jk 3jjJl i -.X H jj£ i 

.3ULom Oitcliu > JI jJLi.Yl j jl-SUJi jw 


y 














£j l + ju 

I £j-*^ j^Jl I-La ^ ctLd yw i j^jc] 

'. JuULgJ! 1 2jI jJI J^L>- ^jA ^ Jl A3jA*Jl dL-o 

_ _y 



{JjJL^Jll 4~< 41 ^ 

£JloJt 4 tfmtt CuJL^Jt 


2UJLJ ^JLaUI S^LJ^j (KLMNOPQ) ^LaLLal1 CA^^jjma Ajulw JLJLufc J! JLcVl 

lj^ej) ^LcCjJill Db>Lat 4^4-toJj Sjitfl ^2& ^Lallalt 2LuLui^JI ljLj^LoX! J^LuljS) ^3 SjJiil 
ju^lc, JS JUj-j j^LuJl Cu4jj ^JL^l^l ^LLJl )JLl 4 ^1|I (iLallaJt ljUj)ILlu4 

* JL^Ij A fl 4 mj ^ r^*4ntl 

:jA ^JJL^t (SjJ^ ju^LuiH 4-dc, 4 -4MJ c£^t ^y^LoiVl I JLdl 

Jill JLcI k-LLOJV Lj JL^LaJ L- 4 Jj 3 ja^LuJl UUlSj 3 - > 

4LLJII JLl4 i-iaJjJ 3J -Y 

4 - 4 -UjJ £4 Jpuj l^JL^) 2tjallaJl S^LjJJI buu DbjUaLU i-cUjJ jJ-o/Uj 

:^Aj L 4 S £jJL^I Jill JLjJI jo^Lutll 


1 Ao^ j-kJ» yJjJ 

| »*- V| I »• H> 1 |4»< ld< 4p| 

I W < 4d < 5p j | ft». 4<< <4<ip 1 | Tl< »f< «l| 

-Wi^ 1 Jj-^ >> 

J - l '- tl JJX 



• w r-*}( * *)J&^ Blocks yl ' A )> ^| . <‘| J j j»l* * yj l > |> , J><y i <*■■* . » 

_** _ Ma 

6 4. t 6 * 6 » t& 

Ma 4| a. £ i» i c. *. 

a «r- rfc ft 0 £r U- |T. do < 3 . d*u i. <£.<?.£.£. ., Kr 

lit Sr V Ir Nb Ms it «u th Pd Ag oil Ul Id 1* t» T >• 

£• 4** Ut m V* w M* £• C fi *« «i fi it iii p"» fi «« 

fp fa Ad «M bto jg Bd Ha Mt 


(* ▼) Jfci 


A A a’« ^ »a A A ft (f, ^ A r- Vl U 
Th a. 0 N% A a; c- m a a a a a s 























































ju^Wurff JlluaJ j Jilt ^ Jpjl: i-jLcll 


(s)- Block : (S) 202Xt jo^U^ - ( 

^ 2Lp*j 12^X1 ^23 <^3Xlju^Ludl ^j2sijj JjJLjJI ^ c£>oojXl ^StVitt Jjlluj 

4 (ns 2 ) l^jLiS(^s 1 ) 4 (2A) l^uS(1 A) - jru^^^tXi (s) j 3 tf( c£j-uoXt 

♦ QSjXI <j-o2j ^ SjjJLXt j*J3jj j-p^Vl 4j&LXaXI ^q^julua ^j 3 j (n) <0-p* 

(p)- Block: (p) 202X1jo^U^-4-J 

2Lp*j 13^X1 I^jOjjJSIXI j 2 j ^^LXt j^QjJ) iJjjlmj l <JjJLjJI Jp ^JOoX) 42XVitt <J3xu3j 

^CrjA^li j (3A) ^ (4A) 4 (5A) 4 (6A) 4 (7A) jo^O^^aj (p) ^^ja3\ 

420X0X1 4^j^teXt (np ) jA 4 (p) 202X1 4-4 o5j3j ( 2 l L u O Xl LJIjlill) 4jj3tr^iTt 

4^j*^Xt ^ <^L>* (p) j-all (^jILoXI ^^CUl jj133j ^2 2 ojIjJ| 2tc>^^Xt ^ (np) 

*(np 6 ) JLjUAA^J 4-jji2 r^itt 

Representative 2iO*Xl ><^0*10 (s) 4 (p) <jru22iX 42>0>**XI >^L1^ ^W5j 

.(A) J£ J-^j j elements 

(d) - Block * (d) 202Xt - £ 

L^jLjjj 3S1X) jpj ^3X1 jo^QjtXf l£j3sbjj 4 Jp "«jll 2010X1 JJllLjj 

4 >J»lLc ^4 (jjSij Jpfc) IJlX LjOj^oStXt ^OQ4J 431 Ccp^J 4 (d) ^CjOlXl (^J^UoXt 

2040X1 20j^?fctl jo^QjlX 4 S^jijLa 20^0j (B) - ljI^j^^XI ^pitJ l^JU 4jfcjm< 2Lp|j 4 

transition elements 2 oXL22jV» jo^U*lb(d) 202X1 >^U^ 0 ^-ubj 

0? ^XJ SjjJLX) jl j-p* Vt 4^UaJt ^ $jumA |%Jj ljulu&* j j^utAJj 

Jp jo^OaXt J^Oij 3d ^^>2X1 ^jjumX\ &^[ja\ l^-p ^jLc 4J^ : ^XjVl 4-iXla 4 iVt 4JLOLaXl -) 

*20 jIjJI 3jjJLX) j 2 jj (Zn) (Sc) ^jjJblSLo/Vl 

ja^LutXl J^Qjj (4d) ^cj-21t ^lloXI 4,^Lt4l L^-p jjL-cjj :4^3OXt 4 ^XI^jjVI 4JLloLloXI -Y 

*4-0^412^X1 SjjJlX! j 2 jj (Cd) ^^.p^lSlXl ^3^ (Y) ^4 

jo^OjJI J^j j(5d)^>2Xt ^j3ooX( 1^2 jjLOjj : 20X0X12oXlZuV( 2 lLoJUXI-Y 

*2Lu^LuXI 3jjJLXI (Hg) (3-uJJl ^3^ (La) ^jojOoJLXI ^4 

(f) - Block: (f) 202X^0* - ^ 

{jC&jjAjjj £yA Oj£3uj Ij jj^SlXl 14 i-t^j3-o*j ^ jlXI (f) ^^LoXI l^-p £jL33jj 



ibLkU 4SjJI 4Sj^» 


^liJI oliaII -^Lcco^JI 








uI J uu ju S t ALlJlluj lj! ALaxha 14 ^ 

Lanthanides * - > 

q] 4 I Ji (n \ C JJJ±C. 2bfcJjl {y* (jjSu3 lilt 4 (4f) ^gj^LLoXt 4 MI 4 I L^-p ^jLZbj 

itu£fcj AjLufclUl SJUJLi l^ja^Lut^ tilt . ( 6 s 2 ) jA aJLfc J^lS^ll i^^jlluA 

2 u^oj (rare earths) 3>aQJi dLpiSVi j^>Qju Cu^ fUj Lpuu ^ i-ul^j 

*^j^jVI J^Lultb JLcu/lSl QjJL»* <pp* 4JLp^ 

Actinides * Gi jlu-JSVi 2lL*U -y 

tgnj4^j i I jjuaJLG. jjlL^, ^4 JjS^Iu 4 (5f) 4^CUl L^-p £JLLbj 

2LdL3IuVt j^Ludb Uj) 4 ^ (f) <LuiS\ j^LLc ubjjuj l2j2jluja j^p 4 jl£l4 

Ju^ ^LplSUl JlSJ j t JL&j JJLv JjSb ^ Cocj U LJlpj Jjl 

»ljQ^ JL^JI j^ULc 

£Jjjt 4 jUjI ^1 JjJLjJI J^-pJ ^j^SpJ 4jt <jrulb (3+^ L *- 4 

: ^LLpLtl jo^LuJl - > 

IfrpS >jj (18 jl 4^j»4^fc-tp (p) 4.\j,tl ^4 j^p*Vt <pJi^ll 4 di^itl ja^LLc 

4jaLbJl ljLjILlll4 ^ L 4 p^ ^iAIUb J^pu 4 Is 2 IJL^ U (np ) 

^Up^att 2b Lau ljLlSj^ ^3jS3j UL 4 J 3>31aL4 tilt iLjbjjbSHVb 

i^aiat >^u*tt -r 

ja^Lutlt J»p 4 Jj 4 4 p 9 ^&Xt t JLc U (p) 4^3tt ja^LLc j (s) 4Juiit 

<J t l 4 -*j 4j^p*Vl 4j3LL^JI i^jjuua I JLc U LjbjjbSUVb 4j3llatl ljLj^Illo.4 ^ - p >» ^^CUb 4Jb^Xt 

ljIj jjbSU”l ljLoISI jt > \33 i dlt3j 2 Lp*jL 3 JI Igjb^Lat (ns 2 -np 6 ) ipjSjbtl <^tl <pi 

• 4S jLiib 

*2Lpubjit ^LJlZuVt -Y 

♦ (d) cg^lLutt ^^CUt q\julj lu> 4 (d) 4 c <3tt j^LLc, 

t2udS*\Jii\ 4-tll2ajVl j-^Hjitt -t 

♦ (f) ^gjILuXt 4 ^CUt jjlZb lu> (f) ^bblt 











ipinrfp ip-ff r ipcrn^ 


JlluaJ j jJt jJLyJI: oLcll 
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icLkJJ dSjJI dS^i 


i^jjUKI JUKI *.,5*.oJI -cL^5KI 

























Lj|JJ2 ZLlu/Ij kiCr 18 £y* tjjSOj - 

*^£jJLJt ^ JjJI S^LJJl Uia> IjJLcLaJ ClOj^} j^ULjJl CuUj - 


* JL^IJ j^lSUL) 4 >j^ Jilt 4 ^jLloJ Jlltj.r^i^ntl ^ji JS JLj^j - 


4-tCjJil! ljLj^LoXI ^ J-4 JL^Ij b JUJLv 4j&Ua ^^juula 3jj 2 <J£ t JLcJ - 

jlilt j^p^Vt j^aJuJl <^ll J^aJ SjjJllI (JmAJ ^ ( ^Ul 

^ jjluuX VI L-ciSjUll 4 jLuuj SJL^I^ll 4 ^tt 4 4 -lu/I jJt ljL^ j) 4 ytl ^8 ■ 

*(n)^UVl ,*sat ^ Jic, t JL^ U-£ J^V( 2 L 5 U^( 



( 3 -c^JtJ 

4jbdvu^l s«ll^voo j^oJi ll& ^ diX3^wo-*jJ 

I^JuUL^JI isjl jJI ( j-« ^j^AoJi 43J-L*J 

_ _y 


^IGlt JjJLjJI ju-ojjj 
<LuJ 
*T« 4 jji 2 xll *<. t^^it is <t-> 


J^-fl ^ ^,Vl J— Ll^JJ 





2 1 

3 

4 

S 

6 

7 

z 

Element 


*P 

$ p d 

$ p d f 

s p d f 

s p d f 

% 


1 

H 

1 





2 

He 

2 





3 

U 

2 1 





4 

Be 

2 2 





3 

B 

2 2 1 





6 

C 

2 2 2 





7 

N 

2 2 3 





• 

O 

2 2 4 





9 

7 

2 2 5 





10 

Me 

2 2 6 





11 

Mb 

2 2 6 

1 




12 

Mg 

2 2 6 

2 




13 

Af 

2 2 6 

2 

1 



14 

SI 

2 2 6 

2 

2 



15 

7 

2 2 6 

2 

3 



14 

5 

2 2 6 

2 

4 



17 

a 

2 2 6 

2 

5 



14 

Ajt 

2 2 6 

2 

6 



19 

K 

2 2 6 

2 

6 


1 

20 

GB 

2 2 6 

2 

6 


-» 

21 

Sc 

2 2 6 

2 

6 

1 

2 

22 

T1 

2 2 6 

2 

6 

2 

2 

23 

V 

2 2 6 

2 

6 

3 

2 

24 

Cf 

2 2 6 

2 

6 

5 

1 

2S 

Mn 

2 2 6 

2 

6 

% 

2 

25 

N 

2 2 6 

2 

6 

6 

2 

27 

Co 

2 2 6 

2 

6 

7 

2 

28 

Ni 

2 2 6 

2 

6 

B 

2 

29 

Cu 

2 2 6 

2 

6 

10 

1 

30 

2f> 

2 2 6 

2 

6 

10 

2 








































ju^Wurff JlluaJ j Jilt j i-jL<Jl 


Ji-^ 1 >j* j^'W' 

^JJj3S2¥i LJ-S jJJi Z&jJLAJ ^^£1 ju^LLjJl L-CU^HJ UILu/lj^ JjU 

^ Aju&jj ja^Jutll I L-U&JuJ\ JW 4^jJL 4J JjJL^Jt <^2& 

iLuliaVi LjljjjJi ^LuL^jSJlj ^ubj^uil! ( £jdJ {J^jjuuujjuuu JjJl&JI 

~ ju*aLutU L-t-S jJJU j ZLlluIjJI LjLcrj^jpXl c^J 

jailer 2dl^Xl j^aLuJt ^jJL) <^1 c aJLfc LUUoJ&l jSjJLa/j 

* >>J <Jl^4 t W t jg^ L ufclt ^jdU iLuJ j^Lut/J (p)i (s) (Jh 4 ttftl 

Atomic radius * 3jIUI jlaS lJl^j - N 

<jjSb till i.h i^ttj SljJLtl Jlj J lm ijSi^J V AjI 2Uj>»jX t wLjjlaItt Csj^&S 

dtfi <> V Jbj ^ S) 4> ^LluX! AjU SIlJl^j J&jju J) UaS^t <> 

: Ajb 3jlxSi jla£ 4 3r<Vl U&jJU 

J,h> ^ 3L> Wi -k^i j 

° ^ 

Vt JjIdJ ^iLutl 


jjl£N *<£>»< (jb ^UtaJljJl Jjia Jl£ lit !C_ujJ3 

(C/ -C/) 1.98 A 

jjjisut Sjij Sji J3 -^j 

^3jjj 5U( Sji (i a^Vi lual>I L76A = (C-C/) 


^U>h ■ > .i.l 

^L^Ji j; jJlM 

Jj*» 

7 >tVI ; 


0.30 

0.60 

1 III 

0.64 

1.28 

F.F 

0.99 

1.98 

c/.c/ 

1.14 

2.28 

Br.Br 

1.33 

2.66 

T-T 


*<£>»> ^ 

2 


= (C/) 3 j3 1 t 


r (C/) = 


1.98 

“T~ 


=0.99 A 


Sji i a^Vi - jjASUl jru *Lbjt jJI 3ji i dfrfVi 

r (0=1.76-0.99 = 0.77 A 


rr 


i^jjUKI JUKI 1 a .^> H -&\jijQ^SJ\ 




















JujjiS SjjJb <JjLa 2lJLw ljIjjjIj ^ JjSwLj 2Lu$jVI ljIjjLJI ^ Ut 

ijj+hJu SjjJbJi (jj* iULu^Jl 3 JL^j ^jSj^ jru ^LuXl 

^ ^^LluJ ^LJLj 4 wLijLoJI ^ tfjjlalj 

tftl Ljlijj^lVl ^ JLC t rtt«Vl Jl+ajUJ i^j i AfaaJcJ Il jJ Lp* 

♦ &JJJ*SX\ j) 

2LJQIuV( ja^LutU jLLa^Vt <J&LajI £jJl 5 (T-T) <JSLuJl 


O 9 

Q 0 

O o 


O 3 


UT-t)Jti ) 






M 

O 

s 1 

<s> 

0 9 0 

9 

a 

• 

000 

O 

0 

© 

© 0 0 


0 

0 

0 0 0 

O 

9 

O 

( v) V*) Q 

O 

oj 


j^jJb ^jLuJI Lull jiu'^vi uaL^jt LL^jjuLuI 

* (2Lj^Vl) ljIjjjJI ^ - ♦ 

2Lc>**tl 4 > blJu ^i) jry»^» 2Lp.lj U*»l U1S J23 DlIjjJl jllaij JaLajl ^ Ji 
(Z-effect) Attaint 3tjJUt AJi-fc^ 3ibJJ i£it3 L*>ffiSl j 

l*j^Uu <^3Ji 2 lLuJi 312Lbfco. ipb J»ijju Cr ^«j < LobjjjG effective nuclear charge 
±JlC.) 3IjJJI "fcoeMi ^y> <Jj3t L«jb aUbiiJt aLbttoJt oJ^J La 3j3 ^^3 La jj 3 jliSUl 

dio <> a>v t-ocrtJ core electrons J*3£tl jlJLtb dbi^laJl objj^SJVl fU3J 2L*^u 

^yl! iS^3^ La* J^lSwill ujbj^&tl k-J JLj* ibj^is «^LuljJllt I ^LcfcoJt 



















JlluaJ j Jilt oLcll 


4^,Ljlji 3 JLa*t 3 II SjjJiJl <^2i ljIjJJ! ^jSI ^1 *3j Jdl j-b_3 t rtoVi 

* (ljLujv4juLoJI 2 Lcj^zjail jo^Llc lj!j 3 l^jJLatj i^jVl 

: (^-j-a/(jil) Gl^j^ai ^ - LJ 

^ Jtjtll 5^b>j (^1 4 r ^smA ^i[ Lu^tj Li^aSt UlS 

* <^b U c£Ui 5^>Jj * c£ 

* SjjJl 4^Hall Gb>Lu^4 ^jlc S^Lj - > 

♦ ljIj jjJ&yt) SljJtfl j^pG 4 J- 4 AJ 4jH*XI ^tSLLaJl ljLjILu^ -Y 

ljGjjjGS^VI <jru jJaLOJt S^bj -Y 


jlladftl JI'LmIJiI Glb^jVl ^LLkJ 1 JlL^ji P Jl*S 

1 ^jpSVl JjJLfJ* ^ A\a i l l JUJLpJlj >-#Uc ^ G#l Jjjl 


Cl 

Cl 

Fc-^ | 

| Fc 2+ 

Fc 

Na+ 

Na 

JjtfVl jl ijjW 

1.81 

0.99 

0.60 

0.75 

1.17 

0.95 

1.57 

>ill ■ .. — 

17 

17 

26 

26 

26 

11 

11 

zLjijjJi jjl 

18 

17 

23 

24 

26 

10 

11 

sjL>jj+z lyi jjl 


3 j jjt jt.-»3. '<-»■ Jj‘ Vl ^ii 

^ US (j$jVl 4 1 ;.v o.a<j UiS j. J, j_»Vl 4JU. ^ AJUitf' 3'^JJ> jLlifcl 3 jU jJ Jilij 

slU^5 1 3_>jJl jtai a wt>-^i1 ^^jSfl jJaJ ■ -3 ■—« JUj +3 J_>Jot?i ; +2 U» 

JJU Ui jiiMJk 3JL*. ^$ ljL>» jJiSJVi j_lc UG^j^ _^l j_Lc, 3 jbJJ 

ubj^Siyi dki£ >iLl jJ IhQ^ jIaJ UUJ^ J^VI ^llj b^riAi 

. ("? JUuJl -li JLjJtJ J>^JL> ^Jjfc ) kl>Lj_jliji JJL£ 


ro j 


jlill UrtH - c Lo-SUI 



























IJ jbiiJlIJVI Jl* *2uL*iijuuai\ ^1^1 2b2j jtjJLj 2bJjdlttj JjLOio,j 

♦ ^jjjJl Jjdl^l ja^UjJl Ljlc^L ujIj^ JLlC, lIUS Jjlj 

Ionization Potential -(Ionization Energy )*( j/Otl 2 LSIb ) j/Otl -Y 

2Galb LjljjIcLaa ^1 <J2ju3 j jLaj ljIj ijjJSCJV I JjLa 4j9ibll J 4 2LL$jl 4 iLi^S Sjllfl Oujju£\ IS) 

SIjJb Ibbjjl ljISjj^S^VI 4 SurAl ^jbj I^jI^ Limb Sj^j-cS *lj9tbJl *Lu*S CulS (SI Ul 

: ^lj L*£ JjQll Jtgjv UbjjUj Ll>»J 4 bjjl SjJLtl SjdJl 

S>JV ^ CiliijOS^Vl Jit J—A ji SjlJY 2U3bUt ttlbJt jUUm i JjLJI J**> 

_ . 3l^ui» aawi u^i 

JjVi jjtai sjltfi ji jubi ji jjjbsai **0! JSUi* <> ^si 

£dh* 

SJL^Ij^c^j4^Jbuf J^rtJ J^Jl JjgStS ijjSu : j/Vl JjGJl J^jv 

M -* \P + e 

* jrU-L^ J4 jrujcfc^ Jjjl JjjSb A ji& J L X J JjStJ : ^jtull JjQfl Jtgjv 

Mr -- M_* + e 

t 4^jVl lSjjJAI JjJL^I JjVl J^bJl i ^4*! * gpJ^ug 

SijJJl S^bj i-uLLuJ jrW-Jl 2Lp»b Lc^qSl bi£ JjGJI JI^jv ^-4j 9 ^bjj ljIjjJLII - I 

ljIjjj^S^V SIjJJt l_j JLv SjS S^bj ^Jl U»* 4 Sjllll jbj3 4 luaJ 2\Jburf! 

£4 LlloSLc 4_uuL£j JjbJl J? tf? * SjjJl l^ir^irtt Sj^jlS *13 lb ^1 ^Ga< 3 J^lS^ll 

♦ SjJLUjbjB 4 AfaaJ 

clUSj SjJLtl ^JjJI S^bJ^ SJL^Ijll wLcj^aII ^ L-uilj ^jLU) > J^j : 4 ^ -i_i 

SIjJiil3 J^j^ ptQUjjv SjjJljlai4 ^IjjJS^VI^Iil^yI ^JL^S^bJ^^bV 

l^illjV iUjMlI ^j^lbil JSm J^lS^SJl GbjjJSlJV 
4£USj I JLv j^a ^UjJl^I 2l^j4^Xl ^LbjJiil ljIjIaII JjVI ^jQJl > Vg/v JI b^v^b -jr 

* J*I&4 ^L^lb ^gjJLUUtA J-4 JjjJSUl 2b^ljl 4^nr^j SI 4 ^JJjJSUVI 1^4Ibj jljJ^LuV 
^bJjj 2UUUI SI>UI 211^ S^bJJ JjVI JjI^I d^ ^jOJI JjI^I JL^ 













ULLUAJJ (Sjjjrf) (JjJLfJI X oLcll 


ju&LuJl <jJaJU ^ J^JSLa Ik jjuS ^ i £113 i-OLoGj 3 t I JLv 3 j^uS 3 ^ 1 jj AJUfl J^jQll 

12 Mg ^ 3 -luJcc m JjG *3&f* dlli jtujj 

Mj» _ *. Mjj 1, + c\ ATI =♦ 737 kj /mol 

Mg 1, _ -*> Mn 2 ^ + r , A IT = +1450 kj /mol 

Mg 2+ — •- + e , A II = +7730 k J /mol 

Electron Affinity j> 2 Sdy t J-jtl -T 

^jLHI i *L3lb ^Lbtj j.4 JjjI J jesjdii SjJdl ^4 Jj j^Sdl g Jl bjS3 

3 ^Ujb b $2sjuau* <jjSb di!3 k-JLoi Jj^Ul bjjASdI 3j3 CuumjSI b) JjLitLjj * 

:^Jb US ^jjj^xSJytl <J-dl lAjjju ^SUj sALb 
|^i^3g|t.V>UK «J>kH SjjJt >^33kikMfcitt3uHWi>5i | 

♦ AbUtb Alb g-uAjj (jSL+jj 

X + e - * X + Ub ji X + e - *• X f£H= ) 

j ^b us jjjssiyi 

S^b} dlb ^jAJl ^JLjJI 3-abJ^ SJL^Ijll ^ ^jjjSSdV) J-ttl JAj -> 

SljJLfl ujJLv JAj ^IQlbj 

3^b>J </t -<jfU^t <^t jUutl <> LU») U1S lj) jjJLl) ^ L2iat J-jt( .abjj -Y 

lj JLj* 31jJtfl J^loj U-4 Lt^jjjG ^jJLlI < jJll3 I <Sib ulu/ Jjl ^ JbJ! 

^4 LJj^Z) ^^-jbj-Jlj 43 ^-lIII jUl J-d! £jjS£iyi 

(Is 2 ) (2s 2 ) ^ b A IU*2 Llcj- 311 d3bjILa4 JV ^^.tbjuJl ^Jb* j*lbIuVl 

LjbjjJSdl 4A!>13 dj (2p) ^jiill ^j^ludt AI UJ ^4 3jAIL<l 4 SjJdl 

3j3 2llb^ Ui 4 SjIUJ jljAIUVl i^IU^ 4 Ii^aJ tfl 

♦ SjJill Ij^joS IjIjAIUI I jl^> ^bjuj ^ A CL ^ UjbjILu^ 

i^^juua -4 i-uUisd 1 ^jjssdyi ^Uju ujUc 3 j-uS ^jjjssdyi j-di _ y 

* Sjlil! jljAIUt 4^JU JL^Luj U^MSj 4^iLU-4 4 Ii^aJ 4JU^ jt 

-348.6kJ/mol Jal^j-328kJ/mol j^Ull^jjjSSdV) JUt< -i 


rv 


^liil LA^aJI -cLcAUI 













vi i^Lc4 q] >m ^tsj ^ jJLdi jjiGii Sji <31 i^j 

2bmJJl ljG jjllSJVl ^4 SUjSj^Uj 3^3j j3Lu JUJl^JI Jj jllS^lVI jjloll 3ji fi&a+jJuaJ 

• SljJill ^L^l S^j^jil 

Electronegativity * 2 luj^£1i ^LcJLoll -t 

itbjljll ljIjjj^S^I uJL> 4^ Jill >jJL^ ) Lfcjb jjJl! udj ju^ 

l^jjJL3 3^bj L^j^Ljj JjLj |^-uL) j*ta LatlS <Luj^5ZJi TLuJLuJl jc, j^juj (2Lu Ll +-&I 
J-jtlj JLuj^ll ^L-JLoJl ttu laAitJ VI 2liaj| jll iGbjjJSai 2 L-lo^I 

^LljJLluJI jjluu j L 4 JL 4 J 3^jJiXl L^Ulb* 3 j Jill <^ll jjlu£ *L9lb j-p^Vl Jjl iJuo* ^jj jJlSHVl 

♦ j \j 1 t jl!| ^ll j^SUi 

Ul 4 3 j Ill I jit^ ^ i 3 rrVi jaaj j Jill ^ JLaJl 3^bJj ljIjj Jill 2Lu^ll wLuJLall JbJGj 

A^jjjtJLI j^Lutll j^Sl jj)13tl Jill ^ Jbtll a^bjj AuJj^SllI ^ulboll Ljl^j).4.iy.tl 

^u/Luil Al j^ L u tl l A-o^^SUl 4-ulbull 3 l>^^ J)l ^^^bj * ^-tJj^SUl ^Lj-Jball 

♦ ( Jolbll ljLJI ) Jbu 14-4^ L*£ 1.4^-bj laJljUll g $3 JUt- i aG 

* Jill ^JjJl^l 4 ^ JL3jLu1I ^^ 1 ijS$*JI JIj (i-Y ) JSullI ijj 





(Tt-ryjZl 
















































JlluaJ j Jill ’j Jbi^l: <^jQll 4 -iUll 


* 2bjJ& MTIj 2b>Ull ^Lu^UJI -0 

( ^yj ljIJJUII t U& ^jrLuMmLi^) (jri+.u±£ ^Jiju^Ludl ^4 Jjl 

I^CjJ iSjIill dUJb ljUjIm 2tjV A2 ^jJL 4 £ t dalb dlli J)lSJ J^Ql! JjJllI (Jjljl 

2lU>la 1 jj>+ j ^Jlc, (jA I JLk LUjj iuxj Jlj U AjI VI I JL& j*Jda 

< 31 L U iSUj ju^Lutil ^jjjaSJVl L-ctS jHU LU^ita jjJblbj 4 ljIJJ^ itflj LjlJAill jW 

j^^Aj US LjlJla ^Allj ljIJAUI jruJ^Ui 



» Gbj^&IVb d S aUu 4 rtfiVl ^4 Jj3b L&JJ&lSb U&^LL 4^LUj (j^Ill ja^LuJl >4^4 - > 

J^UIll 2bl£ ^iLlI ^t^l JUll m-jS jS ^11 J^Il J^lS^ll ^bjjJS^I dUiu -Y 

**Luvj-4 Jj^S j^LLc Ujb ljIJJLoII till iLuv >4 ljIjjjI g-u^jj ^^L^SlI 

JAill ^ L 4 JlSU <> 2ULU1I tAj^tSS Gbjj^Jl JiZbl 2tT^ ^11 ^bj^ UU^jj ^Jju -Y 

-jJbJlSU^I 

it^Ua jJUa JLUJLS il^Jbb <^11 i^^Jj U-4 UjIj3 j-Uj3 1 luaJ jj5j LjlJJilll -t 

.^j^viuui 



^jJL4Jl J fcl+JU ^ 


<01*1^1 d»bS^*j IJ-A ^3 d. 

!^JuIa<>JI Jsj!jJ! jaoJI dbj 


< 


Nonmetals 



.LjbjjJS^Vb Ajullu l ^j- 4 >^Sb l^JialSo ^£Uj <^111 j^aLudi 2 L^j^^4 -> 

i^LJLui Ljbjjl jL-ua jj JLill uuSjj ^11 LjbjjJS^Vl ^3-4 ^Ldja bJL^ l-lUISsJ -Y 

♦A-dU^j^S U^b LjIJia ^lll 1 a<4jj I dll - 

lyUL^aj I dll <.31 3 -IIb Lfci^lSb Ljbjjd&ll labjjl 3 JL^ ^11 ^bj^SUl ULu^jj ^Jju -Y 

.^bj^sai5lljU DlJJl^ ^11 43 jSuj 4^bJ^IVI olL* JlZbl 


l^JLca^ t3 ^1|[DlJJl^ jiusi L^Uaj) jJU»^ij-t 

j ^4 U 1 ^b Metalloids ljI^jUII ^Luyi ^^coj ja^Lutli ^4 A^ll 3 c£lQ^j 



iuLkU 4SjJI 4S^ 


^liil LA^aJI -^LcCoSJI 























ljIJJUI jru l^ILuJLo/ Jtj ljIJA^ ^Ul ftt^n4j ljIJAUI 

LjlJJiill ^LlutI ^J&b 2 m* 3 j LjlJ-La^Ul ^4 j^Sl 4 JiS^j ljIJAUI ^4 Jjat IgLu&jjj 

LJ^h&^A Ig trtfr*! 1 - LJtI jbllS ^4J V \ t ^4 

Semiconductors 



LI 

Be 

B 

C 

N 

0 

H 

F 

He 

Ne 


Na 

Mg 

Al 

Si 

P 

S 

Cl 

Ar 


K 

Ca 

Ga 

Ge 

As 

Se 

Br 

Kr 


Rb 

Sr 

In 

Sn 

Sb 

Te 

1 

Xe 

□ 

Cs 

Ba 

Tl 

Pb 

Bi 

Po 

At 

Rn 

w.JiiV □ 
ul^bh jLl£i 

Fr 

Ra 








LjfJi^ ^Lh ui < ljIJAUI *Ll£I jLoj j2j ljIJIUI ^ 4 ^ <jt ^jLoJI <JSu£JI *L«*I>4JJ 

JL^JI j^LuJ ^jLJI hi^> ^LauvI j^jj *LjlJJiiXl dLu«? 

JLcJ jJl& J! JL^> AJjJLB J iLu^b^t JuJlm \^mj\jm\ jS U j 

t^yb US 

^jVl 2Ui^ttl £1 jl^Tj £ 5*^1 jLu J J« £4 DlJjdj) ^ LU»5) UiS j2LU^‘V« £>ljj Jill ^ -1 

^jJLh ^ JjJl SAbJ^ g-ijdCttb J^J ^bJJiiXl ^Lo^bjl t JLu (O ;LjlJJiiX! iJjjim 

Ajijbult A^j^tb cy ^t-b Jl ^bjj AjJJb ^Ut A_u^b^l IjLlj (O i ujt JJJilt ^LlljI ^11 J 

* ljIJAs ^Ut ^jjal ^jlbej 

bffiSt L 4 IS JlXi ^JLaXI 3^b>J AjJJbXt 4-u^LifcJI ^jl ’I ljL'^j^^XI I - uj 

♦ JiuJ ^ 1 ) 











JlluaJ j Jilt ^ oLcll 


^jjai j .J u u 4 jLoj JJuJ £33 ljIJJJiII ^jj&I <jl ^113 ^4 £l3JLLuj 

JjJLj^I ^^J3l £23j »2^JA21t iLu-^2Lp*t3 Jp j^Ludl 

* U^Lluj j^LuJt j^St 


: 2-j JLcl2Jl j -*l 

:<JlU LAL*^*! ^taul *UI <^2& l^jbj2 jlLc, LjlJla^ttl JLp/lSl (jl ^4 


«W I W 

S0 3(g) +H ! 0 «)- 


-* H X'O lla(|j (2 Lu$Jj£JI 


) 


■> H SO , . 

2 4 (aq) 




) 


A4l^Jt JLu^lSVl £JL^ {J^l223j 4 Aj A4b^l jLlo/ISVIj 3^Lc lj\jJ& JLuulSl till 

* ^Uj be-U 2 a3JU ljIjjI 2f( £4 


CO„ +2NaOH, - 

2(g) (aq) 


Na CO + H O 

2 3 (aq) 2 (/) 


Mjba o3&} 2^JL^l2Jl JLuttlSVl jjJzjug i 3U JLcba JLp/tSl 3^Lc ^*jluj& ljIJJLUI JLu^lSl Ui 

2tbt2h 2b Jl^L2h JL^lSVl ^loj j. *UI ^ ojlu V >S*Vl j * *Ul ^ ^bjIUJ 

J^U Ljbji^ oj£* I^jV 2»*ji2h JLuylSVb LAjI *Ul 

^ 2NaOH 


Na 2 °« +H 2 0 «)- 

^2^(s) + ^2^</) ' 


Na 2 0 (<|+ 2HO'„, ) 

MgO +H.SO, 


(aq) 


2KOH 


(aq) 


^Uj bdU^L^JU ^jAU^Vt £4 2^Jlc,L2h JLu^lSVl <J^L233j 

-2NaC<.+H.O.,, 

- MgS0 4(a „ >+ H 2 0, 


(s) 2 4 (aq) ^*>~~4(aq) “2~(*) 

jLpuSl JI 4 Amphoteric 3-a.a > 2 tl JLuulSVl <^luj jlu^ISV) <>* £JL3 dJU*j 

jji \tftl JLpStj Sb 2 0 3 JLpStj 4 ZnO jluuS)^ 4 A1 2 0 3 I 

♦ 4ju4l41> JLut/lSiS djbj JLp/lSiS ^jb Jbcb^j JLu^ilSVl 4 S 11 O 


ZnO . +H SO ( , 

(s) 2 4 (aq) _ 

ZnO, +2NaOH, , 

(s) (aq) ■ 


ZnSO d , . +H O 

-► 4 (aq) 2 (/) 


- Na 2 Zn0 2(„, +H 2 0 «, 


ljLLu^jU* 



ibLki) 4SjJI 4S^ 


















i Jill Jj JLjJI ^ ^ya\ 

UJLu JLlcoS^AI AjJLcL ill Adr^tt JZSju^isLtJ Jill ^ Jtdilt Ul£ : A.jS,^VI Ljlj^JllI - t 

^Lu^b^l 2U^ll ^bjj 

(jl JL^) JlTc^S <^ljVl ju^Lic L3 JLii jl : wLlu/IjJI - lj 

<Lu-£*L3JI ^juj Julc.^ * ( ^pLu/V QffiSt U1S (^1 ) jJI ^JLall ^lj U1S Llu/Ij Aj JLcUll 

jla£ i S^UJ^j 4jI JLs^ 2buUJl ja^LuJ 2uJLp*jjJL^ll ljLlSjJU 2Lua4U^I 

♦ AjfAiaU^t ^1 l^JLj JLi^lI 3 j3 1 -? JLj* r^lutt Sji 

2taUII JLLu^lb t^ Lu^ J J>SUj ^Ld-LLaSjjJLtA ljUSj** JLcIIjlallj ^p^U^Vl <jl jLcLcIjj 

1 <jrCub>U ^JL^b l^JuG £SL+j& ( 3ji M^p* MOH) 

SJL^lS j^Ixjj JlluSjjJllA ljIjijj! ^IsajiJ <jj Ul - > 

MOH =L \1 + + OH 

30£>tX 

LiaU* j^i3jtJj ljLjjj) ^taul jl -Y 

moi u w i<V + u* 

: <^b US ljJOla ^ ^Luj^ oi/bll ljIjJJ! £1 ^j-iljJLabj 



3^U! JjQj H iO jru Ljh^S 3j£ ^ j-& (M + 4 O 4 jru 3jj2 QjIS I3G& -I 

• SjlcQS 3->Ul ^jUj O M + jru ljILjJI 5jj 3 ^ jJiSl O tH ^u ljILj^I 3^j 3 CulS 131j -lj 












JuLdJj JjjjJi i uLJi 


Iamj <>r Lc. «lilj _ai3 jlc.IaS j) JjGj 3jUi jlj jjji U^J ti| -j: 

. JaUlUi 

m* dL*JI Jfi i U n't) jA4bkS ^ jJJifl Jam3-Lc.LiS ^ -'-»■» \ JamJ l v _ r iB j£liui v _ r *jB 
Aj^idJi ui jliaJi ^aM 3l*j>*SLP 3> jiJL 445 <«mJi >*■>» J* j»li 3jj ^ic. 2 LuLmJ* 

3< So>ij 3>*>■*■» V| Jam Vj ^uS 3 jjJl («»> ji JL^t> Jli 

JjjUj ji OH -UJoji . J*** j-&' wj^’i O 

Ji J Jaj \^4ju» Ji* «!»< jliYJ* «I»ijj J< JL»y jrjA-J* *»>■□ U^mI UiS j 3 jlc. LiS 

..j-A-bfcS JjUjj O Jl 

-JC&SJ JUflO* jIuAJaaJJ- 4C. My.i^Yl >J jiU^y>S>I u’iWij 

M>1> [MOiOHiJ 

JW Jj-WY ***-3>U >»* <>„ *> >-*' >* J>iYi 


m <v oh C~* 

i_‘M~1 -*^ JI ^ >> JA 


Si(OI!) 4 

Zero 



1 


^i t ^ trf CII -AA 

SO/OH), 

2 

^ jl W WAAA 

. Ai j»tf| W 1 

C/OJOH) 

3 

C* J* 



: - ] i&LkU dSjJI dSjCj 


JUJI v— -e\ju&sSJ\ 




















Oxidation Numbers * juuSON jIjlc] -v 

s 43L> JlluSQJI .a JLc jju 


3 ^ jjt _ji j,*jV' v _ r Lc. «!■.,>• $1*) 4_u j^SLl• 4 Ji*j a juc. 

• l> j* U S^iS wtS^ 



4jbc^*>^n cLLl^oj ( {\y& j^jJl IJla ^ yw ^j^jcS 
! JuUuJl JajljJl J^V>- ^ja ^jA/a*.\\ 43ciljJj 

_ _ ) 


t <^L U ^uj ^ U uSj^ ^ Sji jluaSO ^Jlc ^jjtXj 

i i i^S^pil * V ji 

2LfLa* 4 -«jv 5jL£L \£jjuju *4 ^Vl t JLfc J1&IS3 ^jLloj JUuSQlt ^JLc (jjSL* 

Luj *^4 JLloSLJI JjlS «4-JLuJt ljIjjjVi 4JG* ^2& 4-JLu SjLxuLjj 4-<jvljIj^jVi 

^i \r jlS !^!j _ IJL& tt 3jd)l l^JJLia ^JLc Jjb ^£11^ jli 

JLfla J^-uVl I JLfc u^juJ I^LlloISI ljLj^ jUSUVI ^ JLc Jju 4jLs LJLu JLmSGlI 


k + Br, Na + C/ , Mg 2+ 0 2 , Ca 2+ (C0 3 ) 2 , Cu 2+ (S0 4 ) 2 




iUS ~*Jt j-i 



WLvtjVl jrUJ 3jltfl l*U» 2UbtiJ» Jlii 2LJU ji 2Lo.>- ulj^jt jLv*j V 4j) Cup* 

J^Vl 4 _JLu Aj£eJh J ^ iS wLu^S 4_cJLu/ ^-iSVl 3 4_<j^ 


: ^jLtJLs* *i 4Jufci J ^J tj A._ u^S 4 _m1Lm 

jjJt ^ 103*2 s 8 , P 4 ,0 3 , C/ 2 Ji- 2»o^t J^UU ^ -i 

4-4 Jj^SiS\ 4-4jJLojJ| dujluuuLA JL^I £ Ljlji V 4 ^jLlu,C4 ljIjJLH ^jr\J 

*( 0 -Y) I jjij ^ ^jLloj £1 3 ji jLluSG ^jl^ JjjSG ^JLJLj j 





















JlluaJ j Jilt oLcll 


• •!• T « 

• • ! •• 

/ 

/ 

• N *! # N» 

• ;• 

•o #!# o # 

t w #i# w # 

i/ i t 
/ 1—1 

* * / XI 


1 

• 



0 , J*-*>*.u> 

1 1 ^ J *J J» 


((O'T) jLi 


ljG^^HSHVI A^ucILloII jruiLsw ^4 J^SLcj Gi Uc -u 

I^IAaa (jft^uSVl JlluSLj IJuZ Jji AtX^SkA ^4 *LuJLw j^tSVt SjiJjt ^4 AS jJLuiutI 

( + 1) 4jLt£jy4 (^A4 ^ JLmSG ^JLej (-2) AjLi£>4 


•' / • •'• 


-2 • >4 • -2 

I 1 

h /«c/: 

/ 9 9 

i*0*i 

• o # #; r o # 

• ^9 • v- •• w # 

• • 

# 

! •• ! 

1 1 

• • # • 

1 1 

, 

1 1C t Mj&*<J j+ 

1 » 

1 f ^O « ^ ij ^ 

C Q> ^ (j > 





Co^j^O 

ljUSj -4 l^JU ^LLl^uVl>(- 2 )AjLS> 4^^1114^ JLmSG^JLc 

jLloSG ^jlc JjSG (jlJJi H 2 0 2 (jryy.utSVl jllluSI cP- 4 ‘^G-uaSVj 3j^ 

jajmj^j (O = -1) (Na 3 N0 2 ) d-u-aSl 3 j£ *(V-Y) (-1) 

(O = +1) (OF 2 ) ^jry^LaSVl (O = —^—) (K0 2 ) j\$-uuG^jJl jllujSi 

2 


! ' '• 

H tojoj 

• # # • 

• 1 
• 4 

1 -4- 

|_| 

1 1 

1 

1 

—■■■■■■■—■" ■■■'■. 1 .- - . 1 - -.-.. - ■ .. " ■ ^ 


( ) V ‘* ^ J> 

2 W J 


((vt)jsl : 

<J^U LjVbJI ^aJU I JLC U-c3 (+1) ^-jbSj-4 JUaSG £ JLC tjjSL* ^illxS 

CftH^ JUji NftH JUji \j^ ^14 ulji^t ulJbji \ j^ 

Ju jJllA GLa k-JLult ^LujjI ljLl£>4 

JUaSG -i JLC, (jjSIaj -JlXm^X\ jJLc JLcba-b Luj^S Jl^j ^/b-4 

*(A-r) JS^ (-1) GjIJUjJL^TI 



i^Lkl) 4SjJI 4Sj^» 


^l£JI LjibaJI -^LcCo^JI 
































• t 

► j *• i •• 


I I 

I- 

Hti Ca [tH 

Na 

• H 

i t 

1 

1 




: <^b U JLuaSGXI JLct ujLlu^ JLlc ^Cr\\j-*3 
zero JaLuXI&J*^* ibitil j^aLudX JLloSQII ^1 JLc! - > 

* IJL^Ij b jj! jl 3JL?bj 3j3 ^aifeJ JLmSOXt ^ JLc -Y 

( +1) U3b I^jLS>4 (A) j)a'yti ^-^LLc^ jLuaSG ^ Jlc -Y 

jlcI J- 4 S 0 (O Vjl L^JUaSG ^1 jlcI 4jQSo Ijlu tiiX (+3) (A)2dXQJtj(+2) (A)2LbQXl 

»ja^ L atll i JUaSb 


A/H, 

Call 2 

KO, 

N *i 0 » 

Na } 0 

vaSj-JI 

+3 -3 

(a/ h, ) 

a 

+3 -1 

+2 -2 

\ c * H j ) 

> 

+2 -1 

+ 1 -1 

K O ) 

\ f / 

> 

+1 -1 

2 

+2 -2 

( Na O J 

> 

+1 -l 

+2 -2 

( Na O 

\ > 

+1 -2 

£ >»»« 

CjI Jill 

t lb 


: <JX* 4^^*^Xt aLbfc-£Jt Ljlc,JL loSQI) ^JLc -t 

no 3 co 3 2 so 4 2 nh 4 + 


(-I)ljIj^J (-2 ) GbjJjS (-2) Ljtljj^S (+1) jfcfcbj*) 

*031 j^alxJLI l^JL^j jijVitt £jj H3ijjlj l^ji JLloSQII iIJlc,! j*l JLiXul ljIJ^l^ £4 

JLaS AjU JLluSQII JluSLJ) lj^IgUu ^ ^jL^SU) <J^L3Xl 

ljLluIISI Ajb Jtj ^VI l£jjuj ^ S^bj Ig Jl ^ gXb Ljbjj^Jl 

{J^Lisj jo^LuJl JUaSG ^jXu £SL+j& 2 Ll>* jit ^bbtAil l^JLc jgXb ljG j 

♦ 3 JLmSt j*? Jl JXil 4i OJL^ JLa JIS 131 I 3iijJL4 jrJjta 









































ju^Wurff JlluaJ j Jilt j Jbi^l: <^jQll i-jLill 


h(7j^. 

: 2 U^bm luu> (II) JLj JL^JI JljjjJISj jajjj\ 3 ij-Jt ljU jjiLu jru J^Liull 

K 2 Cr 2 0 7 + 6FeC/ 2 + 14HC/-^2KC/ + 2CrC/ 3 + 6FeC/ 3 + 7H 2 0 

S 3 -)Lull Jcliull JLjJL^JIj j^jjS^ll <J£ jlj-^^l 3 ? S>LoSl 43 ^ £oGJI j-JLUl ^ 

oUj^S ^ JuoSGJl 2 l»OS 3 I 2UU ^ £obJI 

l^ 3 jjl 4 jr^-tuSVla 2 L^ 3 jjl 4 JLmSG ^1 JL^I 1^1 ^^Hll ja^Lutll JUuSG .alJLcJ V3I ^^-lo/Gj-JI 

4 J -4 AjV ^jj511l JLloSG Llj^u 3 (+1 ) ^^u^G^jJIj (-2) LJLb aJbuSG ^JLc 31 

L&jUuSG ^la^iJuLuJ-cL G 2 lJLLjVI 


k 2 

(Jr 2 

<>7 

(2X1) 

2X 

(7x-2) 

+2 

+2X 

-14 


JL)V IjJl^ = J^bGlI ^^-tu/Gj-Jl ljLajjS ^L) (Sj^J ^ j-oJI g ^4g&ll JjjSo ^£1 4 jI <A~j 

(+6) £JL^13II djJill JLuSb jl 4^1 +12 JLoSb ^ilr j j Sb jl 

k‘ Cr‘ o;-* Cr*> C<, 

Cr+ 6-► Cr+ 3 


^£3 * JIJ^cS*I ^ 1 LL) jl^ 4^1 +3 ^11 +6 4^4 (jAA j JLS ^j^SCll JLuSb Ulc. 4 ^ 1 ^ i£ilS ^^1^3 

♦ S JLmSt Al GL)jl^ 43I +3 ^11 +2 4J-4 dJLtuSG ^ JLc ^13 JbJL^JI AlG* 


Fe +2 C/ 2 -" Fr +3 C/ 3 

4jL*JLw»»^ I J-o-)l Ij-A ^3 <*ii£3 

; JoLJl LijJl ^j^^ll 43 j^toJl 

___ J 



tv j <L-l _Jt <L J1 L. 


uiiflll -^LowcxJJ 


























• < (Hi \ 



0 jjVj>wO 




Yl 


• f 1 jji • • • ^Ic. ?L« <aL«Jt j j fjJ\ j fju 

aa** v ao*f-i 

j 


3uuy« - s 

• • ♦ • • IJ< >li iC' » * T J 

>-«Llfc - *_i >*^S Ifljlj o+» ~ i 

^ gj jki. j l*L~* - 2 

.A^JijVt *j*j jjJi 3lug*SLf< SLuILm)! ilijj 

Jgjji j JjJt ^ 2jjJ* jlai . a.^> jUj jlf - i 

1*4 ( «_) 4 } ) - J jt^Ztl 



« O* . g*J yJkxJl 5^J g* M* • O* g^J yj>k)l 3ji <—fcjlS lj( ^LJl j C* !>h ^ 

.3 jUI jUH* 

j*41«( gjtd tJ JJLC.US ^gjLLj - i 

.zuAiijgpMS jrfku-A jjksy-g 
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A^ l^jjJL^ ^jSCIl A! Ijjj^ l^JU jJiSt l^ujS ljVLLujjV) 

.(V-T) 2LpUlt DVO-pj/Vl 3jd£ <> ^jii J^ldOll 

o 00 



<vr,j^ 


^j-c. SjLtc l^JU JS ljVULjJjjV) ^jIj 109.5° lajl jW btjJJ! ljjjmS Ju&j 

^jlIlojH 4J5c 4^4 L) <A j-irVl l^JU JS jlcLJ- 4^ wk-JLu 

Jlal A) jJtSt 109.5° ljVLLujjVI jty bljJJl <jjS3 UjLxjl^ *IgJLu j^LLUl 




















J laj|Jjil x £JQ1I oLJl 


• ik4 90°ajlS^U4(l>U3 

^Lofc^il2bujVl ljVULujjVi ,^3 4-c3LSwL 1I LjbjjJ&ll JbtjjVl h-Uj-x lSj^ Ori3^-^3 

*(A - Y) JS^r jj jVl jjJL^JI Dl ljIjj jOS^t 2bujVl £4 j5^l 3(sp 3 ) 


H 


: jr\yg^tl ^LcU^ ^ ( ^b U ljjJl^ la^*ibj 
* 3 j Jill ljVLL ujjl JW 4^> Jbtj - > 

iLujJall ljVLLujjVi VI jrA^^ltl LjJ&tJ V -Y 

* <LaLbll Ig rrilH ^4 

DVO-4Jj/Vl ^JL^ = 2L4^tl 4 ^ VILu jjVi ^JL^ -Y 

* LfcJ^j Il^G j £jvyg~tt ^ 2tb*l Jill 

4>SJ Jllb 1 (Ajt (Sp 2 ) JL-U^JJ q£L*JJ 

(sp 2 ) A 2 j>taj ,j^J>S 3ji JS 4 > 9 t^u C(_c>. C 2 H 4 (JjjLwjVI ££>*■ jAj 

Ajl 4 ^ iijjJL^ J bu AjI ^JSlaiJl dUi L^l rA ijj *(^ - Y) ^JSlly ^b L*£ ^J^^l Jj^SLo {^3 

( 2 s) JLLtJjjV I ^4 ( 2 p) ^>mi jr^LLujjl jru lJJ&lj <jjjj5^l <^ 2 & 3jbV I 

j * (sp 2 ) ^taj l^JU 4Jbe^4 ljVLLujjI 2L->MJs JL^^ll ljVULujjVi alLfc £4 gJJbj 
* 120 L^-bj bljjll (jjSuJb £)jill ^ISbVl jJLaj J jL L G l^JLuj^LGJl <£$2 



Lj^ j)4^ J*jSbj * JU |^1 (2p ) ljVLLujjVI JLvl i£1Ga £1 

J^jjiUl <^jj3 <^2 jrL^rJl 2UU^ £ jJL>> JLsuj (sp 2 ) ljVLLujjI 2b>M31b > 4 J ^Ixl I ^jILoXl 

*L*& ljVLLujjVI jru J^IjGII ^4 ^L^jj £*Jb&j 


(Is) JLcujjVl ^4 j^jj5 dji JS^ (sp 2 ) (j^xlb-jj^j^fI (jju Jj^Iju - I 
£4 j^jjS 3jJil C<lbll (sp 2 ) JLLujjVl jfU j^T JJ*IjGj (C - H) jrGlajljll ^j^SGI 
^>4 g>ill IJLfc ^lojj *(C - C) 2 ltaj|jll 2 LuQJl o>)j5^I 3 jte (sp 2 ) JLLujjVl 

♦ l^^Loi laJtjjj 4-bjJ^JI ljVG-UjjV) btaJ laJlJjll 


^bjlj uZjJ*! 4bjlj (2p z ) jrjlb-ujjVl jru JJ^I ju - 



icLkJJ dSjJI 4S^i 


JUKI ^5*.o.lI -cL^5KI 
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jjfcti JlSLil j JajII w»LJt 


^ Sigma Bond ( CT ) Uj>-w 


J Vtitjult JVLL*j j$Yl J>Sb Jt jJL> IfJun w 3bjdJl JjYLLu j jY t JJ»iju Ja >■» >1 j 

ijj (sp ) JLLojjSfi J^iju JA3 j Jilt .Colinear Overlap iaJ. ^Xc. 

3^ (sp) ^13'^S i/jJ (Is) JtitfjjV' w 

jSLi ^Ui jO^Yi > ^>V» 5jjJ (sp) JGtf^/ir u* 


(*-▼) 


H ^pi -Bond 


JjVl_i_ojjV' j)Sj ji .uu> Ll> jujj JlX'oj iiVilj 

JULjjjVi u ^lajb (2p 7 ) JLbjj^y* J*.iju jUj Jilt Collateral Overlap jbji>i* 

♦ o&^y * oi us #>j (2 p,) 

jyMxJ 3a*.» j^»'>J U « ■!•« .» □>» C.H, ,jjbi-.Y» j 

.(5 - V) JSL£» *1113 j Jb 


jJI dSjCo ^UsJI oloJI -cLco^^JI 















jru OJL^J ^ SjDVl^jUr OjJL^ Jju 4jI (>♦ - T) JSLur £a j 

^4 gJJuj ( 2 s) JLLujjV) ^4 ( 2 p) ^jJjjjJU ljVLLojjI ( 2 p x ) 

. (sp) ^ 4 r<ij U 4 I 4 JS jQ ^^4 JVQ-Ujjl j^LLujjVI 

1 ( 2 s)+l ( 2 p)-- 2 (sp) 

^jlSUVl jJLaj lo^rAn i Jt J jl L u U^jLa jr^LLujjVl jru jJaLLLfl ^ 

^ ^JU (^1 3ji <J5 ^VLLujjl J)j U AjI * 180° L^gJLu 

jrujlill ^j-4 <JSU ljVLLujjVI jru jult OJL^j |0 ( 2 p z - 2 p^) *UUf 



r*r* - r*u 












































|J laJl^LJl 


SjZjJ (sp) JlILujjVl jru jjjljJL) JuJl jlIUjj : L»a^cm iajljj - ( 
^a 3( S P) JtLuj/V» £y» 4^>>.Vl 3jjLU (sp) JLLojjSfl 

* SjIxJ (Is) JULujjVl 

(JWJ (2p y ) (jr^UUjjjVl tfij <> S^»J *<^Lj iaJ'ij - <-» 

(2p z ) 

VSEPRj£l£ai GG^&Njrljil JlS^i 

( <LLa_oijllj Sj^aJI) ^tjjl ^JbJ bt - G oLGJ^Jt ^JlSLul * 

^wssj J>»> £)>aJl tj* £j>Gj ‘*<SS*U SjGJl GVLLujjl 

2ujlaj <L<lc Cu^j LaGLu) ^iiSVt (JSLoJl ^jjjSuJ i^jSL+j La Jjai l^-io jiiLGJt <jjSL> 

.JSISGIl >aLG 


IV J -L-U_ll J_ -J[ L. 


jlill UrtH 








^)An (t JISL^i ^jV) JLj^I 


ouj/Dyi jijjl 

iUmV 4 «j>i 
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ou,/SJyi e »,jl 

>>>>' .jjW' JSbi 

CAifjmfl 4 JLi 1 
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((n-T) jSLi ) 


^ 3 jl\JL) 4la_tJj^l bil j jtJI X 4jJ£j2t Sjlxll A 

3l3L3j jJxSLfVl <JiUJ E 

gjj ^ lajtjjil jro bljJJl |4^ JuJ m ^ 3£tjjl |«5cbUj 

(jja tj iti"‘i4 (jjSLij <2uj£j^l Sjlxll 31 jJLj 4^»» £y» Ua_cJJ j^SLj SjjjJI tj|jjjH£JVl 

.^‘via^ri 

. jrda-Ujit jrUj jJl ^JlIjJu Ua-bj^a JaLujVl £_jj Lai 















j la j|s ^LJl 


VSEPR }<i\£W£j\luj&\z)jj} j^Ll32U jial 

3-ibj 2bj£3 yjJ\ y* 3>>jl C>bj>^y» £lJji ^JLc ^ 3.sbjKl 

42 U*aUJJI iajljjJl bljJJl jli \<T4 (jaoI ub> wU JjSbj tl^Lu j^LcIlt 

* <JW >^bUl JjSb JS^kJj 

(laLuj) £jj <<bLajl £jj) < (<bLujl £jj <>>► £ji) < (>>► £jj tja* £jj) 

jUbdt »m J& ^j-o^LuJJt 2a JtJjj) jru btjJJl fui dbSUj *JuS 

§(J-LLU la £.JuJl 


t*i' 


v wfcf/SJj 




ii 


y? 

109.5* 

fH 4 * jj» 





SII.M* 

js» W'ijJ' ■**■**« *W ObijiSxyi t’ii* 
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105 


H.O*Jj» 




J»t-T)Jti) 
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7" 


JjilJU £JL>* jJSt j( jrUji 4jl £ jj ^ jl £,\ JL3 J^lSvIIl! ilLajtj Jjt jrJ^ 

^Lc^j oj *ljIjI\J! 4 JIA jru ^j4^1loIUI ^LfjJLfi Iq^jVLLujjj 0^*1 

L&ij^sX) SjZxll US l^iVbbJ laJtjjJl dljLut3 4jjJ jl ljVLLujjVI 

S^JLjLU Sj-uS Sji jl i3JL^Ij 3 l£j^£S Cij-ulG'S JL3 ljVLLujjVI ^jjlaj 

laS 2 LuuJ->> ljVLLujjI ^ijSSS 2Ujllf( ljVLLujjVI ju L^l3 

jj^j! ljVL uOjj 1 rAjI £lJI * * d p*. S J^jib ljVLujJjj ^ a^-i 

-S*!*♦ ( 5 >uji(TT)^b(G) u^lu- 



icLkJJ d5jJI 4S^i 


i^jjUKI JUKI *.,5*.oJI -cL^5KI 








Coordinate Bond yi - T / • 

2Jj < Vj <.^j4^LluIUI 2llajlI jJI ^4 L^U* Icjj ^uL^Lull Al^jtjJl j^jij 

ljIjjjJ&IVI 2Jj tjjSHj L^J L uia * LuHtl Cu> ^4 VI ^V ^jSUl LjbjjJ&iyi 

JLj£) * JL^Ij Jjll jrUjJLfl j^4 Sji JS ^4 ^Lujl4 ^4 *2LlaALju}) 2klaj|IjJl oJ^Xl 

^ Lone Pair Sj-^Ji ljIjjjJSUVI ^4 ja ^a^LuIi ^tlajijll <3^SUl LjbjjJiS^Vi gjj <31 
1 jl^ gJL *jj Donner 2 bfcjtti SjlxJ 1 ^*xu 3 j jrujjdi ^ jl>>! 1^9^94 Ijl*»Ij VLLujjI JJLaj 

^jjO^VI £jjll Cl* I^iJIa ^1 Jllujjl i£>S*i Sji ^(>^1 ^jj^Vl ^jjll 
JLu ♦Acceptor ^L^uull ^jjdb ^jjJ! 4> \ ^ luLJ! i»<»4S^-tli ^ 

J^jI Jicp* 44IXI ^U-^Vl Ajlil JUul JjSSj ^ Jill [H O] JLj^ll JjjI ^AIj 

♦ (>T - T) JS^ J^Ultl 4UI &>*> t 4 i-^^l O^ijJL^ll 
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fN*i * < * » 


O: -*- 
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C ) 


[ "-H 


fj* j ) | H ] l-J aSILmJ UjlIc LajI ^-uimLLUl iQajtjJl qjSZ.uj 

. [NH ] + (jj Z LJ JlijuXl jliuuJl i£j^ (jrS jrL>'jj 3 r JJl 3 ji 



















|J laJl ljLJi 


> <LoLjJ_uiI< iajijjJl t Lol_> 

Hydrogen Bond SOa^jjt - > y . 

L-&jX *&+UJ>j3 b IJL>» Jy4 4 JL>*jJLH JJ 100 C jJu£ *U1 UbjjJkX) <j-4 

Jl£ <Jiu uSj^ jLlc, iL>* jju 4Lj*jjJt a jl^ GjLa til 18 g/ mol ^Jjil 4GJGS *m J^u 

JjSG ^jt 4 -61 C JLl^r t^Uuj 34 g / mol 2 lJ jit 4GG£j jjju^lt jlGj j^S 

♦ 4u4^Lua1I A^J. 4 ^jt LUj^^SCfl (JJLLUJ (JftyXttSVt ^jt OlJL&* 4 JlLIi ^4 ^dt *UI jLic 

4-JL^, ^jIj J-c 4 -o (j^^uiShfl Sji <jl ^lt ^Ut JUI£ ijjLw j-jj 

*Lu<J L-ull ^jjJilt Ijl^I ♦(2.1) Jjryj*jjJLi^Jl S^JLl A-4jj^SHt ^LuJL-aJl L ^ JL ij (3.5) 

UJLu w A-GJ^v 4-<JLu/ Aj&cJui 4^3 JjjO^LaSVt 3ji Ij 4 ^lit ^jjSb AaJj^Sllt 
jr\AcaSVt Sji ^JbfcAlt l^^CL^V ^ujj ♦ 4LoJ^» *Lcv*Lbfc£ ££■?*Jj^^lt Gji 
^iaJljib ^taJ U Jjjia 4 j^ £4 ljGjJ^JI lj^L^Ij *Ut ^ jr^jj^-^lt ^Jjij 

jrt^jjJU^lt Sji ^jU 4J i£t ♦ i^JJb^t j^-uLUt k-LUAjv ^LjJLj^jjJL^lt S^t^Vrttt jt 4 LuLl>»jjJLj^J) 
4^ 4 4-4 Lc, 4-<-JLa/ U^l jr^tuSt ^jji mj jt 

J 2 Lw Ll 4 LjQjJjjJI i^JjG 2 dftjt^5 (JfUVJJ JU^Jt Sji jLlL^I l^JL4 AjSrjJU (j^ULjJl IfriJuU 

-T) 

^Js 4h >l>i c^jjd^ 3ji jjjj LUG 4laj1j 4 Iaj1jJ> 

lGLjji> l£iy> [ (N-H)* (O-H), |F-H) Ji*] i-cxlaG 4laji j 

, (N . O; Jh J!U) ^juG j> Xljj^SIJI I^UjJLu 4hjl >j ^>i 1 ijGJ ii> d*J 1 

















^jlj^jJl j-LuuSil ^JjL LUkJ 4jjl^^JI 4 s§LUJ l ^1 ^Jl 4 LXI JUU 4j>»j^ ^UujI ^Jjl^j 

£ JL& 3^ Jl VI 2 LjJu^jjJU^I 4Iaj|jJl g-tiljll j-pCJl (^jj *2 Lcujj^jjJU^I 

jru 3>31l ^LLfl *2U^UJl ^-u Ll^ S^I hjljjJi 3j£ £a Ij-j^S Jjal 4 UjIjJ! 

♦ 4ULl?»^J JL^ It 4ldJ^jJl^ //i 1 1< ^iajl^ll 


Ai^l 

Al^ 1 ^11 JjL» 


418 kj/ituil 

1A 

3 l 44AI*m 31 AiaJ 1 jJ' 1 

21 KJ/mol 

3A 

7i _> a j»» j><LU j 1 jJ^ 


4 2Ll^LoUI 21UjI jil <> Vjk ^hSIj I3Ld^jjdLtfJl 2tUj|jil Jl 
3dL*»tj 4,413*4 ml jjJL^lt 4 UjIjJI j33 UJLlc, 2L<JLl>* jjJL^J l 2 LUjI jil 3ijja j 

jryvjjJLt^l JujjJ&j H 2 0 *U» ljQjJ^ ^ US 4%j *U3tt ^j+frUuit 41 ^jIjJI ^4 

L^j ^j3jX I SjJJlj jj 4-4^11 jru ^Loj^Slt 3LcJUJl 3t>3^l UjLL^j HF 

< iUtftl itJG 

♦♦ ♦ ♦ ♦ 


<JSL£ ljQjJ^JI qj£3 JL3a 3*JulXa V15L£>I 2L<JLjjvjjJL4^1I ^jIjjJI ljI3 ljLSj^I JtS*Gj 
l-)$1\j 4jjlU^ ljLSj- 4 (^ 0 - T) <JSLu* 4^* opuaj* 4SLuL> jl 431*4 431** jl 44j3*ua4 4JLoU 

* 4-Ul J^4 4j it^3Tl ljL uJLtl 
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jjfcti JlSLil j JajII w»LJt 


Metal 1 ic Bond 2u20ay<yi - r 

ui .2u*.jU jlijt Ob*ii aSLuU 1 *jla ^ 4*Jj£i . jtyw jSLi i*J 2Uj*L> aSL^ Jii JSLJ 
3 2 _b 5 jJSJi 3L»Lxi» AjfSJ* La> jji J SJ AJliaJi jfj~ -■* 

2 _^J Aj^in Alajt jji jijt. 2 U»>jt» AjjiiJi «Lb*fVl j* j^aLJHaAiLjjj ASjjtJt 

^ jlkJi >UUl ^>i> 

•«W jiili ^ j jju j. iSLJJi 

jlj UlSLi* . 2b jldJ* aL»iI jji Sji ^y» Utf* 1 jJJ jJLUi ijj ^yl yllSLJ' J»bj y£J> j-tc. yd^j 
^LUbj .ISL.U3 jJLSi 3 jyLJi Ct\ jjJ* UlS . jUN 2y> >il£U> jjlc. 

. SlJLc. ■> ^ J>SL» j 2 b N—a >ASi jliJi g 

Jw» (kyltyVij l * 1!l t «Z»<jldJ W M> 1 jjfcJ 1 *•*£ 2bjLia JU£ -ilJJ ^ -■»’• ■ j 

AJJCJ' ajjjJl ^U£ 


~*+j* 

iyy-bi 

ulij jJ&J* iJk^ 

jJLkft 

98*C 

je> 0.5 
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**>#■»>-• 

650°C 

25 
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660’C 

vL*2»75 
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iuLki) PjJi ajjA 


i£yUJ! JUJI v— 























i^3L U> JSL> u 

jru;n - \ 
2k*j>|V<2U^I >J1 -f 
.a^ujjiau^ijji -t 

O^iat j>j^jQ 

i^jLj I44 * — ■«— ■— tt iljL^-Vl j"-~- 1 

: ^ • J. 1 ^ 1 I l^I^.A. ( F! C J -1 

15juAd^ju*u CyD JbLa- i 

A y C ■ ■tou j - J 4.««T>y B iAjfc-o - ^ 

► fuUfl &>*J< ^ -U. yti/i >J UJLi£* (9) tfjIlH «ddt£ -t 

.4 jpAL^J - ^ SLujjI-.^ 3U^miL3 -u AjJii -i 

jV 2U» tV^ 4 x«aLuJ AiaJ>_> j^-jj jjjJ'l uL»j jii 'J^r ^ AjaJljjl -T 

- A 4 j 4 _j_l7L*jJI ~ Jr 

. V^l U! sp 3JL^| oVOujjVi -1 

«ImVI - u L&^Jlc - i 

♦ — • 

(£ii-0 -A - £ 

















JlSLii j JajI i ^LJt 


Uy^ 11 o±? tPji jy jJi - j 

•tfV U^'j U»*-. O-tfP* 1 tPP as» - v 

(sp) io»» <>**>•»« o*P ;p js - s 

, JiijLi > (sp’) JG*jjV» -1 

P ce 1 ^ ji' £* s - v Pce n5 ^jJ'ft* s 

P -4 p oVO*ij/t 5-s JLL^jji - £ 

. jlk j^-SSfi jjo^i Jbut jlIc -v 

3i|}>llw*> 3^1 j j^jQ i*lj jj >*£J^i «D jllj J jj JS - i 

. apian 5>o» £ttj>&nri > £ji &**» • v 

.wlij^3&yt y« gjjy 5 ji JS «£JjLmJ - £ 
■ 3i^hl3 | gU li «1 3^lj jGjjJtjjSLi * J 

( .^joji ji>^Q 

'sP^U JLc 

J^JU» 3LjLJI jj^mSVl U«M ^ ji j4 jllf -S 

Ui^ 100‘C Jkk •lilt 3 *!>>»« uy&3jJ*t4}i y U<1l^>»(ji Vj vPP 

• -*1‘C 4Hp 

.£lijj20?l j4 JJaX Juki Up k^jtl Jjjij »|<ftf>l JUj^UJl jp -V 

UiP tp *U^j ^jC -T 

•Ce * * j. * ^ ui-Wj o+^j ^ t> >P C0 2 -t 

- jopi ^P U* Jii ^ j* -LjitjJi jlui. - 0 



^liil 1 -cLco-^JI 










'^Jb U£ 

Veil > suiuiJi ibu'jJt t>iu-l 

CaO. HC/ * SOj* NO* KC/ 

l l ^ 3lJQl J*jt yjj*u 

P-C/»N -O* H-H*C -O* H-C/ 


( jiyii) 

j A-Jt-Jl tlrl;L jJI |»^kll yoSl 

• v* 1 ? u4! 4V dty> J^»o3 *>Lli5 aj^ij -> 

•V 1 * U<1 gilji liw Cft^JjV jS UjlIc JjQ -▼ 

- *tt» ^J>W’ o*» *Mi» JjC* J>fi -r 

* j ' aa m \ 4 ^ 4 * > A_i_i^£}( i *4 LJ) tjij *Ak\Ci j£j uJiy 2d^i j -1 

IoLjjI 4 aa /iuL^^aj|I 3 Laj^ ^L*aL*.*IU <*** tji b £-*) 
NaC.V i JL>.^ ^j^dJ * v* *' 

NH t ^ - V 

( ■ yl~Jt Jt^ji) 

ijj^tyi jijji j£*> <iu> ^y» k _ y jL» Ui jy jjli 

* jlij #.j*d 1 

SO a ■ RF t -_* BeF.-CH^I 



















|J laJl^LJl 


H H 

H N N H 


( »>cj> ji>Ui) 

N 2 H 4 Jjj'j-UfJi *,;> sr*rfS>J <*-o ^ 

iL'ii* w-i*. 

.(ao^i^ij iw) 


J»lj >1 j ;- , -'i r fifrjfaj3,>» jj ^ fow Ui r i/jT 1 * 

.4iaA >f«ii jL-ii. vi aucs >*> 

E«jj» 5>*JI g'liV'jajJSjX' 3jjJU JH^jJi > JS ->JLC 

AX.E vi a) ^ jji »^>aic,ij j> asjyi 


vv j 


jlill 6>o,l! -cLo-5UI 












#rjituut 


^ dauuXS 



















A AhjL+X\ ja^LijtH x ujLJl 


-<G^*i> 


^k jUt^ul 1 *1*1^ }+3pX\ jiiu ^ 3 l11^1I ^UaI) uL) ^JlLJl 3Liiijj AjI^j ^k 

•U* ^ jA J' u^f JjS-M Ji*W* 

.^sj&rp i(* *iVi Cii^U) aut>^ai ^ - 

.^fjVl j *xt 2UUJ1 ^1^1 «i - 

.l<3UI* < >»^yi£^ 4 ^Xh^a2j L ^g**L M rf* 
• r ii^ 1 ***—* j >*** • 

. SUjlc till 3j^-" f< jaw j£ > SLJaaIi «-ijbkUl j*« t i jjMj - 

.HfliiaHj J*j 4> ^ f j£ j‘~‘*' ^LAjjla jmIj - 

.^jjlttVll| t ij^jjj3ii»«lijlj^lif tAjalj* 
•UCiju uLS ja ^ j\»*jjl.j'At ^j jU^Vl iJUu - 

* a *d»th J * J ’ *-*'>**J cU*i' J !! ■•"» jjJ* - 

. -U.L 4 -J 1 3 JaaII (jjLlitl) l*i>-Yl 3It JJ-^" * 



. JaaXI ^ JA 4* 




. £*•< OS* **U* ^ • 

. 3 in*»lifcM jaIW 3ij»iA*>lYt ^ j - aV< j jju>^ * 


.J*Al1^2L-N-Jtj *>Sft JLCl>i^£l^- 


.^iL^yi ^oijj 3Ui» ^ »uun j.iaj - 















4 .aUu^ 1 


ijb 4 U 4 I 1 


The itprcsenbiliu 1 elements of some regular groups 


l dj 4 u~\ 1 li \^ Ldld^l |^l ^yA jl ^yA b J L>j 

jntj A+uljl UA (JjjjJULLUj CfllajLA (JSLlL J (JjLfrujJJ 

4JL^fc) V t4^lVt4 L>*Lfcj^Llc, <jl 4^t^Vt4 4^> 4^4 ^OJ 4 *^Al^ui\ ljLc> 4 ^X 1 

jo^ L utll dJL& ^Lc^-^SLf ^jrr^tf 1 j^SSt i-iLslI t JLk ^JloSlluJ} l tiVt ja^Lutll 

3jJLTl jlaJB s 3r.Vl <JlU J^l^jJl j*A-iIjJ 

*>^LuJl ^JL^l j A-jjLl^jSUI ilu-JLuJlj 

K(s)^i>*t-Jc.Vji > ■ 

Alkali metals (eMiVO^/ViiLcj^cii j^lk: Jliu 


(4AI/I jr\.4.mt » L»Lc JL9j (ft^9Vl) WUjLatt LjlJldtU itc.3 jlA j^Ua L&JJU 

alkali g-t al\A <Jjaj (O < j»^^uwGj_Jlj j* ju^Si CsL&j^t ^lc. 




■£GJ2Le«. ^Jl 4 JIA Cum/ jjj 


^1 ,—^ ~i T1 

J, >jJl 4^ Jlfi. i*jAj 

> .“■■»■ ^ j^y > 

l&~ La!iW #LxjJt i 1 >4 


3 u 

1S%2k’ 

jnlh 

iiNu 

INcl^ 


1S K 

lArJ/ls 1 


37 kh 

|Kr| r Sa' 

f>f .W-** 1 

55C» 

|Xc|/is' 


fl7^ r 

IRnJJs’ 


: ^Lju-dall ^^GaVt *3->*3 

^j^CofcJ U^3 ^Lu^jVl Sj^tirttt ^ JjJZ ^3Xl ja^LuJt £yA <j! tx^\k\ 

l*j)^aXl ljUL^ |4^t^ 4 jV) 3 L utl I ^ Lu^ij I Cco* £a ^jLloII j ^jo/^LloJI m-OjCJl 
JLvju ^ JLtl JujjiS jA jS^-u^Oj^Jl ljUL>> |4^t 4 jl I 4 S ( Nd(.v) jlUI jA 




























A ljLc j^^Xt qJzjU AhjL+X\ j-t^IJijtXt : ^iljJl h-jLdl 


Ui .Caranallite ( KC/. IV1gC£.6H,0) c^Jbjl£N uu *Ijj ^ &3'j £j *U ^ 

1946 2LL <m VI t ^uLajj^j^ ^l i jll Sj^Ij I^jU j^^Xl ljIJI^ 





I 


J^jV^jUS 


4jL*ju<4)^I 1 IJ-A bib^wo-b 

227 4 , 

223 . , 4 

k 1- 1- ^ I ||i 

Jajlcibj 

.*ib 

*9 

^ I 1 ■ 0 111 

&7 ^ 


IJI& 3^ 4^jju U JS I JLv ^kjju^s jlS JpLaJl 3-* tj^SuXS jjAUtJi jl JLi4 Jl i^cp^j 

AjI L*S j*£jJ-LOxJl A^xul *Uliu*£» 3($ ^yJLJjid ttl ^jJlXl 4^3(*£j JiXl 4^ JLC 

♦ X^2^ Ai 1 d^Vctl j^Cr S 




>LuJ 4-4 LaJ* 


> 


4 >3 Ac ulSjJjj j^p*Vl ^gjHoJtl 4^ ^jii 4 jl^I j 3i>-*^!A4?*JM 4 ^j^pcXt ^^LLc ^JS J-pJ 3 - > 

:^ 1 j U (MS') j-p^Vl 2 l£liaJI (£opuujj* 4^ ibk «*£->> i 

* ^JbJL> djj^ AjIdJ 4^d 4 iCj) 4^4 4IS ^dj ~ I 

*(+l) LfcJUoSlj ^JLc - p 

L^JbG Jt^>- |4-4^ 3!-^ I Ill 4 Ji&tSIXl (jjjJStlf Jba 4J j&uJ jjuSJ\ ^pLp-jSUt bLaJJb J-pGj - £ 
j-pS 3^ 4pOXl ^jQJl JL^jy UI 4 ^ 2 & 3 jJlXl j^Lutll Jjti JL^jy | 4 - 4 ^ 3-4 Jj 3 l J» p ju JJVI 
»(j^ILul 4 4PJjJS^I j-luS) J^SU *iL 3 lb 4g jTlujA jjuS 4^ k-CLLoIu 4 jV tiX 12 j (JLj* 

« AjLluxJ 4^ Jill 4^-J-uJl jtAXl UCjSjG 4 -LLoJ 1^14 JJU3JLC. 4JS J3JI3 i^Lp^jl l^jbSj *4 |t>tAl >4 - ^ 

* I JL>* 2 ^ 3 - 06^4 34 1 lj^ - ^ 

5 U^-J ljIJIoXI jJiSl 4^^ I JL^lj 4J3L4J 4 Iul^j 4^13 VI *Lc3peJU ljIJJL^ J^plu - 3 

JJUXl Sj 2 4^ 4pjiyi 4 ^jILluXI ljUjjJSHI ^JL^ 31 ^p^ ^UlaXlj jl^ajVl ljLvj^ 4^ l^X^lj 

»^jJ12Xl X^jI jil 23^ ^JLaej 4^X1 4J-4IipJl JL^I 

JS Sji j» p ju 4 ^-p^ Lpt->^ 2 k^ 3 jjtXl ljIjJLXI j^SI j -lj uia 4 -^j^^Xt 4 >JL^ j^U-c lj!j 2 -Y 
34^X1 4^ igj^dl JuJ*jj +Aj I SjjJJl 4^ ljIjIxXI j Si l^JU j- ^ ^ 

t4^b U c^jIiXl |%«^l S^Uj l-U jJaj (JjZxS I ^JbJl S^bJ^ 



ibLkU 4SjJI 4S^ 


3^^ lJUjJI -^LccoSJI 























i ^ &Jlo& Sjltfl 31 jJu I^LujI JA2 j SjjJl jlaja t 3<rVi S^Ljj - I 

lIUIxSj 4 Electropositivity 2 l$j>*S 2 Lu 1 ^jI GtJAiil ^icf DtJJUJt *jl±> jaSju llx^l 

^Lc4-iSai 

LMiJi l^alJlitluil l^JuG JLgjv jJL^j l^jlj3 jjS 3j^U^ ^JjLlloJ - lj 

^1 ^j)uMt 4 >ll^ <ji 4 ^ 4 -p^ f>jjj*cuJlj fj-Liutt^jJl ^ US 4 *Lu $ua$j£S1 

3 >fcUiJlj i^jJU U J 13 JI <j -4 LJ Ijj jJZStlI 


JlLc llil (jjJ+hti ju&Lati b CajjS U 131 I JLj* 3 j-JL^ ljIJjLa}) *Lu^SJl 2 LuJLaJl - ^ 

* *Lajj3 iLu^jI I^jIjj ^jSj 5LaJ 13MJ! j^Ludl £4 L^btjl 

US <jlIjlVt jt^tl UjU 4j3lla ljU^Ilujl 4 ^1|j j-^LuJt 4>JL^ lj!j3 ljIjjjUSI! SjUl JLlc -T 

JjJL^b 


u*—ui 


*>>* 

^3i#i 

i>j ■'i.m 


|* 

0 y.i.rti,>3jji 




: ^LJbJl ^Lijj-UUj U>L<S j-4 4JL& aluS) l^xuSII lH 13 

&UI l1113 jl*j ^ul+aj ($2 A 3ttjsjJtt i£bjjJlSjjJL^lt Jjr\j ^Ltl! i£lU ^jjjl+x j 

♦ J^Utt 4jJ^t L-4^111 4 <^Ua£I JjJJu L-4^I1 jj^jJUJ Jj&pll 




























A AhjL+X\ ja^LijtH x ujLJl 


ljG ^JjSjjk.Li^Jl ^ 3 jj+jla dilA ju^Cotl j-u£Zil JaLuuJtf IjlaJ -t 

* *UJ I J L u fcJ ^jrUttJ <3^4 dijLudl 

: LjtJi£ j^pG -0 

^J-LaJl i^ajj^ > Id.fl, jj dJ j^jmA g .\1 JL^jj LG Lc ^ - tS AiaJluJ a Jl& 

* JLuulS Vl 

*Lt» £4 J-cUGj ^IxJl JLjjJLu GjSU lX^J >lp J 4 ^fc>J 

♦ j^LaJJl Ut^n4 


6| -'..,+ n » 




I.LN , + 3H .O .-► 3IJOH + NH 

^ id* * i/i i.wqi 3 u*» 


j *UI * HiVf ljIJJL^ J^liG -1 

^4^ JdsGj ^jjJtXl ljIJAUI laxujt *> JLfc j- G jG 

(jjSLij *m JLp ^J^4 till ddi f L44^St ALluLuJ) 

* ^jjJ^loJI ^1) j*^uaif) ^4 UGx, J^UGJ) JlcLsalUI 

»*,♦ “«*%-•> 2N « (), L/ Ha ( „ 

* 4-UL) ^Loial ^JL^ : Jlc 

: ^IfcyiSVl £4 G>IJj£ J^UG -V 

£1^1 JL uiis jyy.LaS VI ^4 l^lcllu jJul ^JjVI j) 4 ^ti jo^LL^ daLuuj ^jJu 

4JL>> 4_p (jj&A ^Zx3\ (J^LsJl JLlluSVi ^tnnj j^j-p-dU^ JUu/lSVl ^4 £1 jjI ^3^\3 £pJu ljIJAUI 

J-C4dj ^ jjt N H 2 O 2 JuluS) J}j£ ftjjljxafl ^l^JUJ (-2) (Jjt^uSVt JUaSO 

(-1) *Lp {jA&jjjS^f'l JlluSLj iJic,j (0 2 ) 2 JLu-uSVt 
iigrr 

4I-L+ <>* t , -^ 21^, f^^ldL^St 

300 a c 

^**»%l* ^2^ * ^*20^ JuluS] JjjJd 

f• —1 4-p jj^yxuSVl JLluSG ^jJ■cuJtj ^ ^^ jllu \ 3 £ j 3 \ 1 4 ) 

30CTC 

K i%i ♦ C> 2 <t , -► KC> *u» 



«U< v* J^Uj 


Ar 


^liil Ld^aJI -^LcCo^JI 















ail aJujS^A Jlum£) JLuaSVt 3 >3 ljLS >4 J^juj 

jfl-y JLuuS) 3^ ptvtlj 


NaO + 2HCV 

J 2m ioq,* 

2KO , + 2HO! - 

o.»l 4«j^ 

m»A,„+2h^ 

-K04,., + 2I1 ; 0„- 


—*-2NaC/ +H.O, 

«flq> 2 2oq> 

— 2KC* +H.O„ , + 0. 

Istj.i - Zliu|> 0.H. 1 

► 2 MaOll. + 11 ft 

J»H> 2 -liufl 

■> 2KOI1 + II,()„ + U„ 


£gpjj£htS ljt^n 4 JuluS] ^jLj» £4 JLuoSt 

4M V *«>»,.. £* » *i«V **»,,, 

Arttitt ^I^^Vl 4^ JLlloSI ^jl 3 ^Jl JLulo/I 4^ ^J^Ul ill t JLk ^Lfl uoj^g 

j-pJJl IJLv 2LJt^ ljI^GGj) ^1^ ^Gbj ljL^IjAJI 4^4 

JLlluSI 4^ Lj[DBJUijJ* ^LGr JLlloSI ^^jLj ^4 Aa 2 lJji 4 AjLuG 4^ 

J-4L3JIJ 

^ -pSUt 4 £Lal |0 ^JLuxtl j.aLaJJt JU^. 4^ JiJalt AjGG ju^Ubtll d JL^ JLu^lSl £ (jSLqlj 

♦ J^\ALuS "/t {j 4 

(^dl^LS JLuuSt SjLuC juAJLjdi J 4 j (X) ciup* X O j-^LuJl a 4 ^ 111 X 1 JLpoSVlj 

Li O I JLc ^jjjtXl l^JU *Ul £4 J^Ulu 4^ 

^U^Vl £4 *!>teVl GIJJ& J^lij -A 

Itfjlr J^UlUXI ijjSLjj 4 ^X 4 ^VI jrp*jjJUA 4^4 ljIJJLoXI <Jsej 

2 Na + 2 IIC/-- 2 NaC ^ + II* 

!m .^; .#q; i;i 

: £* 4MaVl LjlJla 

ljI JUjJLj^JI 3 jS 3 j £4 «. Ljlji^ J^LuJ 

( -1) l£t£ jrt>- 3 jJu#S\ JlluSG *Jlc, JjSG 2Lu^j) CiLS^a ljIjUj j 

2 Lt + n 2 ^ ■ 2 Lin 

2>a + H j——-- 2NaH 














A AhjL+X\ ja^LijtH x ujLJl 

jl£, <JJl^Jbj ^U) £4 J^li£j i 2t2J2iifc4 ^1 ^4 ljIJU jJL^llj 

Lffl^IftO,*-. LiOH^^H^ 

: ljLLjjvj 21^2! j4 ^^ASVl ljIJ la J^Uzj ->♦ 

jl^iub bj^faa.4 <3jSbj SdLufcJ £4 ljIJJ£ J^liLu 

♦ ljLu2I Sjujl^ 2Lujj1 lj! JLJLfc 

c4^—- iv»c< ( . . 

2K^ ■+ ^ 2KB^ ; 

j4 *^SVt £tJJ£ J^bu -U 

j Cuj^ll ^4 3 j^Ll 4 2QJ*LuJl ljIJJUI J bfcl u 

2\a,„-f H* —^-- Na 2 S 

3K„.+ ft. ^ » KaP Ul 

.Gjlj^. 2 Gj 13 l^jb »^5^U2LcLt^fauSVl £^i#Vl jUU3 

JL1& i*3-uLdlt oljjJjS I JL& U JJbtZi V *MaVl Ljlj^JjS £_c4J>. (S) 

.1000 °c 

LigCOa l00IK > LI a O + CU 2 

i 5 i -:*j uu 

&\&.u£ht \j JJbtXt CujJLu <^2l LuJ^j* V^bfcj) ljIjJj ^bsJtJ (lj) 

2 NaN 03 ———*- 2NaNO* + 0 2 

^ ^ ^JbblLuJ 1^2 4 JljJL£> ljJ&lj ^j^uuUj^f ljIjJj J^btjl Jllgj 

(£.1^21 ^4 ^Ul jb&j 1 JA 44 J) Ajt-C4»t4 I^jV ^LbaXl £JL^2 gJLsaJ V 

« ^7 > ♦ !>aVi 

SjJua ljIJAUI j^Si I^jV ^2JHim aJLfc j^uolj 

JSLi 2l2b* 2buula2l jl*jj V L^jLs tjj J£l£I2! l jbjj^2l JLa£ 

♦ N-H. JUjjiS <JjLA*i Lbjjf LjbSj-4 



i^Lkl) 4SjJI 4Sj^» 


^l£JI <bbaJI -^boo^JI 

















^ljIJAUI jjl* jjj^m ^ &xjJ1\ j 

* lj! JLjJl^lt dllA jL^ajI ljLvj^ ^4 ^111 Sji^Lait ^1jil {j^aJU 

ZN; 0 + 2 e-* 2 Na (ipltti) h^t< -Li*, 

20 / -* C/, + 2 c (jjiVQOMti. 


£jL*JU 



4jbcL^^II j*oJ! I j-& ^3 diX3 j*js ^ wo-jcJ 

! JjULoJI JajljJl J^>- ^j^a<JI 4idJLo 


-< ^NaOH ^->S^jJL*a( > )^ >- 


% ^1 ( I ) 

* ^Ut jlitJ L 4jj 1 i - tLa i-i£>4 - > 

♦ dlb^t ^jlr jiS 4 jij ibj ^jjjLa - Y 

<jbj jJl I Jl±> ^ ^ilu wLalb ljIxaj\ ^a LjjIs VjA^ 4 lijSU 2Q^tuJ ^Ul l-j^ju - Y 

*(Sj)>5fcU Jbji) 

• *UIJ 2-b b$SU £4 J^tiLu -t 

Noon,* »< „ NaC^ + n 2 o y , 

«*“V H 2- S,1 <--*■ "*4*0*^ ’Hjtv 

: AjU! JlitlLJ (lj) 

: <Jj4 ljLc! untt ^4 j^4jS <^2& j* JlluSjj JLufc JU - > 

JjjLaJ) 4 -cUu-j - 
*4 ^cLltJ - 

- 
























A qJsau AhjL+X\ ja^LijtH x ujLJI 


/ 4 ,J.yA 4 l>JI L- 4 jlJj£jl ^4 Jj^XjJi *LujJo “Y 
:(oljj- 4 jlS^I) iUJL^l^l -Y 

: CU 2 t rtrtXtt - I 

♦ (j y fcu^ U U (II) JLuuSjjJUA ^4 3 jjI i-lu/Ij ♦ ' j* JlluSjjJllA (J ^ OCA + JlUI 4 )jl^4 


CuSO* 4 IS aOIL jt -► Ni! 7 S0 4 + CufOHu 

*>«il ta: _ *> 

Sjry -1 ; 

Cu;on> 2 _ 1± _*. ii 2 o.„+ CuO„ 

> 1 i.i i 1 

: Al 3 + ^ 3 -jJUjJVl ^ UfrXU - lj 

LJjliJ J T jJU3IVI JuLuSjJ JLu^ ^4 L-LOitj - j*Ju^ll JLuuSjjJLtA J ji gfc 4 + gJit 4} J . l gfc 4 

*^Ul 4 ^ LJ^JU ^ jjl LjLLlAjJI LijA QjSijii JLLLuSjjJuA <J-4 Sj^J ^ 

A/C^ + ^NaOl-^j—► A/(OH) 3ki 

L.^eV* 

V<Oil), 4 >iiOI1-*- NuAlO* 4 JIUO r, 

1*1. S»1> * 1 

^Na 2 CQ 3 oLi>J^ (*) ) - 

: itl - I 

: J- 4 Jdt 4^ -> 

|^3 ; L-ull Jlluj£j^)Jll& (J^JL&a JLlluSI ^jLj 3^ 

«^Lultt LjIjjJjS LjljjJb (Jj^JUA £cp* U^JjJLJ ^ J^bsJtl 

2Ma01^+CO z . c -^-*> .Na 2 LC> 3 4 ll z O, ( 

I^jV iNa ? ( O v KlH ? 0 ^juui 3 \ (^u/b <Lultl u&jaaj 

J^Uuj £lo*^U( ^2L3(iMg +2 < Ca +2 JLLUI *Ut>o^2Utjl^ 

i ^Ul 4^ <jtjJ JU V (j\jdS\ ^^jjmjlL\a^ ^3-uuJiS DLi^S 4 a$£a 1 + 4 *.a 


X**C0 3(mi . + CaCY 2(uiil 
+ JVlgSO,,^ 


* JNa,SO 

Z <1 i^.j • 

► Na,SU A , 


+ Ca„CO, 

+ MgCO Jfc , 


AV 


jlill ^ 5 >o,l! -cLo- 5 UI 
















« ^ -r 

gJJLjS ^j.aj ia3\ JujjAS £yj» j£jA ,Jjl3t4 JLuoSl Luj^Vl ^jL£. jlj^U 

JluuSI *Lu^ (_yJl JjstXtf («Iu (jZJfj f*j ljLjjJjSLu 

NH 3 + CO* + H 2 0 / +- N«C/ igl -*- NsiHCO^_+ NH 4 C^ 

2>aHf:0* -i-i-*- IVflpCO, 4 H,<1 -t- f*V 

: \^£* - lj 

* j-i-JLJt ^ Jld£ AlcUl AlkJjllJ ll (£$2cjmA - \ 

+ Jjt J)J ^ ^ ^ * 4 jr^a^Jb j3Lu V -Y 

♦ JjjjiJt JuluS] <^j 13 JLc JLcI fr«mj ^U^Vl ^4 J^LZLu -Y 

N;i. CO, + 2HC^ ._^NaC/, + H*O iy . +CO, 

2 .V\P *i|1 * l*q. S l£ 2<|jj 

: ljUIJL iblLuVl <**1 - £ 

*jrL>*JJl -) 

* &£.\jLjLa - Y 

• g-u^l -Y 

^Ul joix^ 4j!^l -i 

: mlt ^j_pjl jjjJl 

bMitJ 4la-pzX\ J-JLtXlj j*JJl Uj^b jJiSl ^ ljIj^jI 

xLuIILjlII Jljil <jj£u I^jV LjLlqjJt <^3 ULfc l-ulO 

♦2LJLl*Vi JjSjbJlS 

♦ *Gbt-LUj (jM&jSJi ibdL> lj!: jfrjJJjmtt iLjUudaJl jjLait ^j-4J 

: j^-uyf3j-tU ^jU*jSJ| jJ jJl 

ULfc Ijj^ ljjlLj i^LlL^I ^ iljjsrj ljIj^jVI jJiSl ^4 ljLj^jI 

















4 **» ul£yudl jA» > < *jt jJt uLJl 

_yi UlA 1 jJJ « T «.* b US .3UL«Ji i%£a»j uLJj 

4 _.«_...un jjUkii >j ,i*biujj suj^ai ttiun ^Ci* sul^i 3*5*1*71 sjl-Si 4 *uc 

^fircayi ^iLr;gc> . 

I (>Uc. 4. M 4i*7l) A 4.«4l*7t 3u.*a*li >-aLU t JU» 

■ % _ r A j^a LU ^m. 4 > ^<* 2U*«*ll J 


v—► *+4j** 

jjlaLaJuUJ 1 ijUi 

JjjJ' 4j4j 


lt 2 ,^ ,v 

tN 


|Ne|,3«*,V 

ifiP 


|Ar) .4s 2 ,3d M v 4p* 

^As 


|Kr| .Ss*,4d",5p* 

,i8b 

4*m»Vi 

| \e|, 6s 1 ,4P 4 ,5d l# , 6p' 

R3®l 

U>4^ 


i iUwyibj^>) 

• JHtf 1 • > i<J | i**-* »> | J**j *+• jv^ j jZ+L. J» aL V . i'U b 4 a. « UH ^ 3 y * . 1U » " .... _ < 7 

i3LbA^ 3j-iiJlIjLlIil jJLSVt : _>*i_*iJi 

Ca ,(PO ) j >a-aJi UU~*i ( 

.^*_>... hsji jtjj>• jju >AjCaF -Ca (PO i < mjuVi - y 

. As,S, jtujj j]i JUu >*S i* >.i A jl> y i ju*j jjJ i 

- Sb S, >-* *i*A ^ JL**y . 

-Bi S,^>4^t jUbj-S : U*4j*Jt 

i ( ^ i~«f 4 m 4UJI) A 4«j>4bfej l 4^^4*I* 4 LUJ 4iLJl w *^'*it7l 

44b jy 4y jJLoJi 4a.4?l 4<4 jj j 4U*4*1 • 4UA **«LU ^»> J jlk 54J1 *y llaJi > t 4aj -' 

. J^jJl 4 juJi 

♦ >I»* ji> al*£i J * 4.« /b Vl* jtyjjjJ* - . UijAiV ^*^*^1* j>j /v'lt i - 

. 44 _ .aU ^-4>U' 4 j« iili mj ^ j-Li ;ia ‘.f U*4J_Jl • 


LJ 


iuLkU PjJi 4 S^i 


JUJI ^jXhaII -e\ju&sSJ\ 



















- OH/* <£3^ -* 

2 LJL^ Sjij^ JJLcj ^UjlifcjJl ^jj-^-cuVlj ^ujJJlj jj^lo^I - 

.Sb 4 ^ As 4 < P 4 Dlji jjjt ^ (^jIIaJ^ 

lUaJ dUIXJJ . Ri jrUji ^4 AjjJbJt 2LJUJt ^ ljj^J-JI - _>► 

* 2 Ujlifc-Jt 5Ul^l Sjjtfl I^jQjJ^v (jj£3 LjlJloll 

*UiUofc.tt jLSj-tl JLmSGit ^iJLct Ulsljl* alLfc ju^LLc -T 

4 JlOjU 3 ! ASjLluX) ^3-4ijld lyLu^tSo Cu> (-3: + 5) 

* 4jLS^4 Q*kMl ^ &\>>J j2juJi} JLloSQII ^CJl 5^333 


JLuiSlUll .a'-L£.1 


SjIii 

-3 

nh 3 

j*L2JJi 

-2 

(N z H 4 ):( NH 2 -NH*> 


-1 

nh 2 oh 


zero 

n 2 

^i5»f>u4H 

4-1 

n 2 o 

-LXti*S 1 

+2 

(NjOg) : NO 

^^LJ-u-Si 

+3 

N?0 a 

j^Lu .ignrti -l^Ca 

+4 

( N 2 0 4 ) : N0 2 

9 w-4J ,Ul^l 

+5 

n>o 5 



iLuj^Jl iU-JLaJl jV \iu 7l ui<V< £LSjJtt ^ 2U^jXl JLloSQII ^(JL^I £1 

* O- 4 4*^5 JT^-oaS^U’ 

JPlIjj ^LuljJ^oiJl ^2& 4 JJ-^ 3 JLc j^JuJl ^3-?*3 : <J^Qll -t 

3 ^Vl <JSL£i <J£ 4 dH'Vj l$J 3 ^ (JSLlu ^jj^I uJt ^3^3 ^1 3 >&U^J! ^JLfc 3 

» *>J^J *A A Z)\jJ& (^3 C tjJiil k-uUjJ 4^ 

: jo^Luill <SLcI^OJ) J3^ajt ^Qll Qua 3J3 
















A AhjL+X\ ja^LijtXt x ujLJl 


A 4I 

>a^jJl 

^U)JLb - >4>! - ^J44tei 

_>toi l a " ^ ^ 

__' 

4 £*«1 j rtrffcll 

j>4^0^l 


* Ju^QJl U^j Jl^jj jJ-uXl b) 

: (jjyfcmSVt £4 -0 

<J^U ^ jHa IgfAn ij N O_ w ^ ^ ^ l^fAnJ JLlu/ISI *Lc^4^tXl $lLa> ja^LLc ^ 4 . 4 ^ oJ^A 

^JLjtll 3i\ajA A jJL c lIiit 4 Jl^ 1I ^bJJj Bi 2 0 <J^b A jJL cl^ 4 A ^ > 4 Sb O 

* L xjI (^jlill .aJbtll 3-abJj ^j<A4^1 mtt Jill 

: £4 -*\ 

(-3) L^-ta j^aJuJl jlluSL ^jlc j^Sb ^4 ljLSjj^ itc^4^Xl ja^LLc |4^n4 

4> £JJ dXLl* Jlj U *bV 1jiijj AsH 3 JjjjVtj PH 3 NH 3 >aLlift JI 4 

2jJJI t jl^ <jl Ig-iSL^ia ljLcSj^I 4 JI& 2bJ5jJtl Sjlxll JlalSb ljIj 

+*4LlomjIj3 2Uajlj jjSbj ljIjjj) jl ljIjIxJ 

ljLlSj^AXJJ ijj jruia/>ift ^4 ^£jjal Jt ^ 

4 IXI 4 jbjJlU JJaj lLUIuj ^jJl!l 3*\jjA 2L^3-4^eXt j^Lud ^-cLc^jjJLi^Xt 

* 1 bjl*L aj 13 ^jr i^jl L 4 S 



N 2 


Jt4*Xl JjO^Jj^LuXl jUb j-uJx£s 

X ^Lu^bjJt 2L2jjIaXt (>) 

4 Ut JLLLaS! 4 >* <J^ U ” 4 u-^^-^b (Y-i) JS^ ^ 4 1I^Xl ^4 jjJsz&jt 

♦ jfOt-tuSVI jl£ j 

*^£jbt-<Jl ^j)ILmXt 1 * jliXl JUU^M Jjui ^ jfc j LcXl lj!<j^l2u 


<n j 


^l£JI bbaJI -ebou^Jl 














.CO £y» if JluvSjjJllA J jJb b* uu> 

2NaOII+CO* »- N»>COj 4 n 2 o , 

l»|* .K ** *l>»j. * I 

jiitj j>^ (O 

0 2 jLc ^4 *LvjjJ 4Jcie. ux4 42^11 [a (O 

2C *«, f O m „ —- 2CuO,„ 

4-cLc <JjLjjI til jt JiuuV «Ul *L>.tjLi <jrt^jjILcdl jl£ 

.liu. 

♦ 

j^9-u^4 t JujjASj f>jJAju^Si CujJ-a ^ja la-41^ ju&slj (t) 




r*r* - r*u 


















































A jMa\ji*l I : £jt jdt i jLJ| 


NaNO, . + NH CV 

Ii>q • 4 i IK) i 


-► NH NO,. + Na(V 

4 2 • aa' Ciii i 


NH NO, . 

4 :u*q. 


* 2H O + N 

3 (/ > 2IAI 




NaNO., ,+ NH.C/ , 


2H,0„,+ N^, 


JLiJ x ^j\+c I^LuIj 

>»i (»a A^‘ jlfc 4 > ^h>^* f»ja 



A.kAl*J< 

ujImIK 



j+u .ij juti ji*.y ()) 

j 

iibj^Ia 3 h» ■ /•M> U(T) 

*1 ^Jl J* j v i Ji.Vi jL*a jLill 

$ *m A3L»ya *> ^ 

*Ui > juii (r) 

Jjujv 4_>jlilb «>Lc4 jUm 
<A ttf £LJl J_*L*XI .^Ltl ^ 

SJaafc^GliU 


j-*»*,♦ J* J^- 3 Jibuti laLttJJ)» 

. j j JjUl |«j JL£ JL£ (>) 

,3*3 J^VI *I^Jl *tj!o*V <> ^Ldja t_L>.i (T) 

STP 3j),U4rATt Jjlsm ^ 23mr. (N,) ^ II* (H s O) *UI ^ (T) 

.<Lu^1 j (ju*Ju3\ j_pUdl (J^LLLs (i) 

(1.25g/ L at STP) (0) 

iSj^t ,V>4.Atl ^ 2 L*jJJI all* JLlc <GJLJ JSUj <Ul (i59JS> C ) AjLJlA 2L*.j* (1) 

. *LLsd» 


<\r j; 


i^jjUKI JUKI o2*oJI -cL^ 5 KI 

















jjJut VI V 1*jI tx^Sk\ ^^vVI jo^LuJl ^4 £jo*j jJuJtfl Lj^i^liu <^3 

jrU AU%\jU jjm£ Ajj)h mt dUij JLjJUj (jye-o^ jl ^Jj^S ^>^9^ jl 

* jrJ^JjJLj^l £4 - > 

550* C JLl^ jj*aJl j^LuJJl jL£ (jjSuui 


V> + 111, 


.*>* >^> 


,JI ?MV 


2NII-, 


: jrt^SVl^-Y 

^Jl JUuSLu I 4 i^gJii) lUjjJ-jJLJI JLouSl JjSLu (. <:| Km 1 0 JLlc) ^Jj^S 0^3^ ^3^3 

* L&f *J JljluS] ^13 


V. <- <) 2 , 2NO 

* V* *i» ^>rr ¥' 


2 NQ t+ O, 


2NO, 


: Sjlj^ ljL>tj^ ^ LJlJiill £4 -Y 

*JJLUl JLj jILu (jjSSuij f$ jjujjlC'\X\ {Jjla LjlJJiill %4 j j^LjJJl J^liLu 

3Mg..+ ( — ^ 

♦j^LauJl jl£ JL^Laujj 4-Ul ^2a 4^1 j^luJ 4^jijSuItl ljIJLajILuJI JJbLuj 

Mg 3 \ 2 r 6fl 2 0 /t -► 3\fg(OFT^ # + 2\H $ ^ 

: jfrj-LLoitSUl JLjJjS ( JL4 -1 

JuLAijijLLU J»&?t At*,,Aj\ £j\Z^^jjUuJ\ ^4 Cat , j*^-LgjJiSlll JLOjS 

. 4^^Ijl 3 ^L4-ty CaCN 2 ^^-LujJLSIII 
c«r } ♦ n, •*^‘*1 <»<•%, ♦ c 

• ••« ■wj Mi ( • h* i«i 


M » 'IO W 




.i£jit 2LdJJLc 2 Lc^IjJJ| j^LuJLU IjJum j* j^luJISUI jLmIjLuu jmjuj 


f'aCN, + AHjO,.- 

C IM C 


CaCOj + 2NH S 


r*r* - r*u 
















A AhjL+X\ ja^LijtH x ujLJl 


NH 3 j^I: Vjl 

x I ^y^ j^ Lau Jt jjLuaM x uJjJU 

♦ (0 - t) JS^ ^ -) 

jru^utaJl Ljli 3^Uj ldt^4 JLjjjAS ^ -T 

. jliJt j_uobt (4-) *t^Jt A>ljb jjjliu SjLc, ^.l«t_j t-jU^.i^a ^sbjm -T 

2nii 4 c;£+ i'«umi>» —^—► i:ai;/ 2 + 2IUO + 2Ml a 

7 ' S<l ft KI C Itl g |p 


























fcUuirf-Yl 

i>> k aLI 




r ^LmIj U * La 

4 LaJl ^4 LjI^ irhfl ^inl ^uj -T* 

•>jL*^«JI j 1 a 1 > jl-L^Q 

>4> ‘a 1 JU4tiJl - 

5 A As* jIaTi in k jUx^Ji 1 ^ji 

Jji AU1LL< iuiii -r 

J+- iti j Ja . jLlsL+I* idJb^ 

.tX.l.ta 

Sj^lJJl jl^>> >J*j w -t 

("i - t) (Mj JS^JU 

1 tn *T» jL i< ^ 

5 IjUJ j £_L*j U L>Va 






















A q^xA AhjL+X\ ja^LijtH x ^Jljjl ujLJI 


: u^itl ^2& j^ULJl 

jry>*j jILJJl ^jj^jlq. £y* Ll^Hus j^LuJJI JvSUj - >jL^)) ^ajjla J 

^ 200 atm ^4rA c^Sj j^jjluXjXIj jujl^JI 3jUl^» J^lj^ ^ ££^jjdL$^flj 

500T3jt>^*so* 



Ff/M*S00«C 

IS9 ^ 

nc 

.Ul 2 —-2 NIIj 

X ' 200 :^rni 


* (Lu^Vl) >aL2JJl jt£ J* lJllu&I 

lyUfctt/ (jjSuA JUtl JSjJtl ^XJLjjjJIS^)JL^X l AilL u *L<jvLv j ^Lui jajju iT<r 

.^LloIIj 2l.lLl3 3^U JUjjiS ^2 lL$ 3S ^La-o 

nh 3(1 . ( ihc4: -nh 4 c4, 

- ^5JU^V> 3Lc 11^> j Lj>*Vl) »- 

u^itt ^ (j^LaJJl) Luj^Vl JJ*JU ^m*tr Jl LUic US 

* jrujj^il k-iuSjJ <^2& AjV ljGLJLU 2Lj jiA 3JI j^L&a ^4 j^LjJJl j, G jljj 

^JjSXl %Jj)rAntt ljUS jl! jl 3Ljj)rAintl ^Ijil 3U j3ill ^ 

2t£Lab IgrAjjjU l-l^jj ^oJJl jjj*4 £4 JJG 3GjJJl jruvjjILoll 2 Lc*S <jl 3 Uj3U1 

^4 jJl *((^jU-JI i^jj) 3JL^-u/Vl jl (2L jjjV0 3JL 4 -U/VI 

^ 4 • , 

1 <jl V ljLGII J! VI ^j^I ^Ij^Jl ^j-4 — ^tlj^ JSulj £1 

£^UI < 3 ^ jru>*j jILull 2U j3tfl ^1 JUl 3jSa lj^Lv LLfc ^ 4 j ^jtitl ^Krtij 4JU 

S^UI j^LuJJl j -lj ljuj * ljGLuJI jjlL>* U^U3 j ^jJI ljjJU ^^UJI bjj-Jlj ^^-uj^Vl 

* (^LGjjVl) 3 l J ujvj j3LalI 3 JL^u/Vl l^U ^ r^il <^Ul ^Lca^jJt 2 lJjVI 

52L4U1I ^I o^a ^ Jj)<r^^JI JSUj 1 lS 

L 4 JJ 4 V 1 jru *i^jM Ijj ZLjjj^jxJI j-jl^ *<Luuuf* jjjuuJ) 3JUuuVf o^aa t Vj5 

3JU-a/lS ^J^bjuu j <^311 ^j-uj^Vl ^%il ^LuV l-lljUXI 


<W j .Ul _Jl <L Jl L 


^liil LA^aJI -cLc^SUI 















Nil*. + HN0 3|ri -^ MI| NO* i(j( ^ 

2fSH 3 + -► <\H^JgSO^ (jiLiiH*LiiL-) 


ljUsmjj^ (Jjla j jJ-u jjuhauA U^l3 

♦ £4 J^UuJ! JL^B-Lo/V Vjl c£ibjjiLaiJ^J^jVl 


U, PO^ + JNllg, 


(.NU 4 'u j% *u j> Vi 


diJUj^u (35%) 4 J^ ^Ll ob ljIjJj -> 

* ^JUA»> L-LAJJUj l^Jt4 

2kJ^bt4 c_o&j dJiilxS aS^LJ ljGjj^S J**ju -Y 

• 3 JL 4 -ojVI ^4 ^ $JiJt I JL^J 3^4 -Llo 4 4 3 r^i^l £LliJU 

^LuoLuVl ^*aLudt ^j - 4 iX^3^ LajUjj j^pGJl &}>“* ljUlu^£ 4U*w -Y 

SJL^Vl l-luajI ^j.4 j (46%) ^Lluaj bjjoJl 4 L 40 U ^jlbfcj -t 

3 1 &^.JJJJ ^JLc JL^LulJ AjUUjX) q\ Cu> ^i^LLtl ^Jo%-LUkA 

* tj£ijSiS\ jLlluSI ^Ljj Lu>41 

Jij 4 ^ ^ 1 ^ 2t4jGlf AH2&L3I <j£**a Cu> i^ULuXt Luj^Vl ^J-JxiLuXl ^L^-o/ -0 

uu> ^Lluaj ^llujb ^j^Vl 3 JL 4 -U/VI jjl*1jlj Luj^Vl jJjLuj 4 12 cm 

.(82%)^(^^1 J^j 













4 **> ul£^«xll jA» > sJ jt < *jt jJ' uLJl 




. .lb 

I ^Uf MJjJU 

(V - t ) JSL1 (^^Jb -y 



Jrt«yi j 100 C 3jl>v fl <->• jJ JU>J V< iaj+Lj Aj* >*I* -T 

.*-*•^IfUAbl^l^ J^I' 


2KM) 3 4 IIjSO* 


cooc 


•/» 


KjSO- + 2HNO V( 


e^-*» 





*Jj£UXl J^L-JI JjlU -* 
^uc j>w* j*£uxi jjl-ti ^Jb\ -t 

IoaULj IjU jjjVi ^-*iXi 

jlilAt 4j>dkl( ^ jd» <U4 •▼ 

liU u 4kt* ^i> 4^1 j JuMj 

tkAlAl 

4*X1 *UX< J*§ >1 

Uj jUJ* Jji U • jl^jlpJi j j) ^ 

3 A*U *i$+Xt >^G 


El ^ |m dS^i 


jlill l a M -cLu^SOl 





























: J\£bjmuJ[i JJbblu - ^ 

4IITNO,.,.—4X0, + 0 -, + 2TI-X) , 

* <jr\-?eu-uSVI IjjI A lb S qa £ljJLj 31 JLloSJ*4 -Y 

I £4 ’ T 

uLuuS\ 4 ^ ^JLLUJ Lj\j\jaiS £4 ^J^li-4J ( I ) 

»jJ^ 4 ^t JJUifcJ Jill ^jjJl J J JLi^IIJ JJilJI Ljl jJj (jjSuAJ 

he.. + 4HNO,. A - Ke (N<) 3 i 3 + 2H ? C). + NO. 

V Oil: tll y ^ ^i*«|i « *•) («i 

dil. 

{jo/Lu/l 3 41 L^jL£ ^LoJI ASjjAjjjXS ^ij ljIJJL^II Lai (i_j) 

♦ 0^4^! £4 JLlloSVI jO jAIsll 3 JLtuSl UO> JluSjA (Ja^C, (JA 4^JI 4 ji 

3Cu, v +dHN 03 M .- A —► 3Cu (NO*), + 4H 2 a ; + 2N0 II;1 

dil. 

Cu,o + 4HN0 a COnC » Cu (NO^-f 2HaO ( ,+ 2N0 2|;i| 
uitl3 ^Jjuj ^j-u-4jJVlj j*JUJL^I (Jjla V ljIJAUI (^) 

4 > 2L3uta ojSLaj juoS >4 4 ^*^ jl JAiJt J> 4 ^ csJjuj passivity 3>*113 

* J^liLUl J *Lj^L UA JJLG, JLlloSVI 

^NOj - .!*>Vt.Cti 

* (Brown ring Test) iuJLJi 

lj- 4 JLd* (II) JUJL^JI ljLuj^S <ja j£ja JjJbt4 + gJU Jjl?fc4 -> 

jt 4 ^JLc J£jII 4)A4> >* l 4 drAt -Y 

Jj>5 (JLailjVt fzXaMj J Li C 4 t uU iuiL>- >^13 jj 4^11 4^4^JI Ccp^ jLut^Vl 

* ji jtjJIj 


















A ^tX~*tl j^aLoJl : i_jLJ| 


2NaN0 3>| . + 6Fe SO* > + 4H 2 SO w -^ 3Fe 2 (S0.,) 4:< + Na^O* ^ 4H 2 Q, + 2NO. 

F© $0. + NO -»- F© $0 a . NO 

\i|.* *•£ hi 

^ I H h A. .lN-1^1 1 | jC j .* 



£lL+ 3\ JjJbz*} JS(jrt+'y-) 4 ^^umUjjJI l jLoeJUj-j <JjJbe* *LaLib 

*£ujl Lu ^UJl oJ^ri ^s-ujulLJI Jjjlfl Jlj ljp& 

5JflS'0 2 j2KRln0^Hh UI^SO*--SKNOj * I^SO** 2 MiiSO*4 SU^ 

♦ ljIjILJJI ^LUit <jli5 wCbeJUj^Jt Jjjl Jtjj iUb* 

.Sbi As ^LdcLub 5A 4 »cwc^Ui jLuUb V * <JJL^ 


«^i5 A3L>«t*bfcJl 2u&>4Jfc^J* >«*UuJ 3 u*a¥i^>- 


0) 

(( j^LuJll))) Luj^Vl Lv.y^ - 

4-c L uv jj^iJ t SJL^-u/Vl d^LL^ - 
Jl<ij jV 4 LjIjLloJI ljIjIIdI JLjjJJ - 

juJljlJ %Jj£luJ aj3b j*JL*d ilAjbfcllJl ljVUIL>»I ^4 
JJbt4 Jt ^1 4^L^Vb <^5tll Sjlj^ *Lvj.a 
♦ 4^4 jSt 

^^XOJLiAult ^/bSl ^^4 - 

^-LLO-llI ddj^ifcJ 4 ^OJL^jdI Am4 

( J-dt^t) 3JU45JI flj/vt £tjjt J 

jjim/jill (Y) 

dJUVt LjUallt i^i d-cLu^ - 
d-oliuu^Idl 3 JL^u/Vt - 



(A-t JSL1)JUI» 


^ • \ J -L-l_It ,L Jl .'_ 


JUKI *.,5*.oJI -cL^5KI 


















» '"J* + t JjJjJ ASLlUirf <Jkfl4 wLbLcuJl ^4 JLjJjllt - 

• JguJt £jlj.4 l^JU ^JL^j j 

.2Uj01l ljLJVI 2l^LL^ - 

( JU JLi ja^JL^) JL^UjtJJl (T) 

* Lj[^jl^a3 \J b ^ iS L Jlj LjJj.ia^t j*LaJl »> ^-OLcJ i^jLuL-'V^A1 Atx *1 ^ J&£jLuL} - 

((Ll^oSjII!)) j*jJl {j\^jjm j* Jlis-LuJ ^ Jil JL^UjJJI JLluSI Lj 3\2 >—u£j 3 ^ (JJ*JU - 

J>4-UUVl (t) 

jJI ljIjjII^j ^JLitlLuJ ( (l >^L^j - » dSL u uu A^Lua - 

.tj&LajJt l-lL^I I^jV 


♦ Cobj ^jlo/VI l sLcaf) ^JLit 


LloJ - 


G>4j_J» (0) 


1 4^Lu^> ^ii j*Ji2e-LujJ s- lL j Lem L*Lua j ^4 j*J13 e_cluJ - 

♦ i^jlg (nil 


• <ivi—ai> - 

02 n^> 

3 UjVi ^j^Htnri y^S>2)1 jy 

d^jLS>• ^k (3L«S>»H UjuSIj aijlaI jy |ik j >A> -‘* >< »k^Ji ij^ *1 

w Cs (*»»; ; • „K Ijj-J' 

( ,P , )4^i n - ? N 

.^UUJJLc J’W) 

. J.L1UU SUjUJ' J^tJXkn ^*2-1 

» ^jV» UlJjljj SLftjJLkft AiauljJl JuJ *-> 


♦ ^j>uj 2i£.Llua ^ijJtJLuil -£ 

* lLiL^I^aJI ^ ^^J-ljIj^jlM JLluiSI pJAtZtut-s 




















) t ^ji jJi ^jLJi 


JjI^ *li^»l ^jk #UI 

.ijjLJl ^LL>^k ui^1 JLihu*** j 

.S^Udi **jU**SJi V*jUli> > * MiVl .j+'XaltJ 2u*a^ 3 

. Ja>j>mJJi JLmSIj uVl> JJUU ^ 
*4^1jj Jl** j+xt^~ la 

• JJl}>JJi 2l£.Ll** ^ f>A<ol£)l j £* tilikfm f UmmI J 

*JuS]4 J«k J-UjJL*JJ» ja4> 

♦ 3 jb%J» LWl ^ U j>jJl Jlc*» ^iddtZuJ JJfcAj - J 

W*' > ^ 

-j W *'j4^ <> vjl^ <j&?j ja**n ^ji^u-Ji Cii^Uai -ujjJ J.i« j -j 

.yL&^ba 3UttU> 3 jUS &u jjjl f>,Lm~ t .~j-J, 


, ^jtj Ui* JS jjj l jUf } *4 > ■ 

f*-***^’ *j'>ii-' 

.^jii«yVi «I»llLf^alxJ) iLCjjrtS y 


^Lt>j^S iOj^L, juijj 4/iL«_.CT» 4 JjUI< w*ISi (22225 

, iLC.U-»Jl 


i^J^4>aaJl pj A^jV> pi ^Uaj ^^lx)! JlpJ^ 

. •uji * 


|W j v» ^4A«Ji P «Uj pyJJ> jri«» } ■ -'-— * .-< >$l 




^Uki) aspi asp 


^pUJI JUJI *—5-all -cLo-SUI 























rr>» 

l4jU*Yt jd i^i ( yLi«J* 
.3jL^ ^jYi j-.Ua ,> aIa^J i 

. j\ ^-JVI .JAJUfi T 

.X*^n»Jl ^ ♦** *v 

«Z»ijA%jji*t uHj^li)0*T 

.jlA Vr >.—1_> «W £* f $....H&J> ju*UL-> JaUu jUa-£ 

C**** 1 *!' ' f Wi*.V'-' 

jlm.S i^li-t «£l#j3y2H a*-£>-t 

..JA /• JV• ^£^45L«tl j i*l'lf JLaSkj AJL£ -A 

(♦ 2 )-t (- 2 ) - t <+l)-t (- 1 ) *' 

.1 UnSi ^jO jt£ JI| > /i mV ‘“‘I .^Ij^tl ^k rj ; ••‘*‘*J. ,T> 1 J--^ 1 jJ}** ^ 1 BllmJ 'A 

.uJ-^' 

-Lu-Si Jji-| L 3 j«Vl-T j jr --CV«-» j j-W -' 


jUJ j£ >«J' »1SjuJtfffl ^*+*4 •*** *i 

• ••••••••••••••• #Lku 

f ^i* 4 **' 4rf* Y U>U *> jS -1 

i t ii«l jJ i j_ii>i.1 (O 3 l» jl£J> 1 j j--- T| ulL^S J|ln« AkL«i jLIa * j 

. 

« 1 j -*->-'I *'j* -* ~ T « li*j,i ~ Y 

t> >LUi Jl£-Jl 

4*Lcj f. W»" « « . | l (*-J ft- <S3*i* *> C>“' 

IttAbJi Ci^lbUIlt uVjLm 3l»CS j iLUL^Jl 



r*r* - r*u 

















